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ABSTRACT 

The effect of refrigeration and freezing on survival of 
Escherichia coli and Klebsiella pneumoniae (sensu lato) 
stored in different suspending media (broths) at 10, 4 and 
-16°C and in ground beef at 4, -16 and -40°C, was studied. 
In the broth media, survival of the test cultures was 
gscarerfatoh0 jand 2° Caphancat ae16 SGasDedthoof aupjitdidaiog 
eycless(99,99 percentiirofitheecells occurred in 10% Tryptic 
SOvyeBroth and Nutrvent “Broth at -16°C. In contrast; sunvival 
of the test cultures in ground beef was greater at -16 and 
-40°C than at 4°C. Several factors which may have 
contributed to the observed decreases in the population were 
examined. These included changes in biochemical character- 
istics, the influence of different pH levels and the 
influence of a competitive meat microflora. 

Tests based on the ability of coliforms and faecal 
coliforms to ferment lactose with production of gas, and to 
produce indole from tryptophan at 35 and 44.5°C were 
performed to determine whether changes in biochemical 
characteristics occurred as a result of low temperature 
storage. No permanent variants were obtained that were 
negative for these characteristics. However, some permanent 
variants were obtained that were negative for the production 
of gas from lactose fermentation or the production of indole 
from tryptophan at different maximum temperatures. There 
were no marked effects on the survival of the test cultures 


that could be attributed to pH, a competitive aerobic or an 
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anaerobic microflora. 

From these observations, it appeared that £. coli and 
K. pneumoniae (sensu lato) died as a result of storage 
temperature and time, and not as a result of pH or a 
competitive meat microflora. These observations have 
important implications for the food industry and the use of 
either E. coli or K. pneumoniae (sensu Jato) as indicators 


of unsanitary conditions in meats. 
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I. INTRODUCTION 

The aim of the food industry is to provide the consumer 
with a supply of food that is of sound sanitary quality; 
that is, free from pathogenic microorganisms. 

Most food poisoning outbreaks in Canada, the United 
States and Europe are caused by Staphylococcus aureus, 
Salmonella spp., and Clostridium perfringens. (Buttiaux & 
Mossel, 1961; Miskimin et al., 1976; Todd, 1978). There are 
difficulties associated with the routine examination of food 
for pathogenic microorganisms. Pathogens may occur in low 
numbers in contaminated food and may be unevenly 
distributed, thereby making them difficult to isolate. Other 
harmful organisms, including viruses and intestinal 
parasites can be present in foods. Reliable methods for 
their detection may not be available to the food 
microbiologist, or they may be too complex for routine 
examination (Buttiaux & Mossel, 1961; ICMSF, 1978). 

It was necessary, therefore, to find methods which 
would detect and help Peace the spread of food-borne 
pathogens. Microbiological methods which were proven to be 
of value in non-food systems, such as water, were adapted 
for use in foods, sometimes with questionable success 
(Miskimin et al., 1976). These methods included the use of 
"indicator" organisms. The basis for using indicator 
organisms was to reveal unsanitary practices, for example, 
temperature abuse, which contribute to deterioration in food 


quality, and to reveal conditions indicative of a potential 
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health hazard (ICMSF, 1978). The indicator organisms most 
commonly used are the coliform bacteria (especially the 
faecal coliforms), E. coli, C. perfringens and Lancefield 
group D streptococci which are loosely referred to as 
"taecal™streptococci"™ (Buttiaux & Mossel, 196/*0ICMSF, 1978; 
Kott, 1977). Other indicator organisms occasionally used 
include S. aureus, plaque-forming enteroviruses and 
coliphage (ICMSF,-1978: Pipes, 1982). 

Research dealing with indicator organisms and their use 
in the detection of contamination of foods focuses mainly on 
contamination by enteric pathogens (that is, faecal 
contamination), the most important of which are Salmonella 
and Shigella. The idea is that if indicator organisms of the 
same family and similar habitat and characteristics are 
absent from foods, then it is reasonable to assume that 
pathogenic organisms are also absent (Buttiaux & Mossel, 
196) ICMSEy. 1978)” An indicator organism of, faecal 
contamination may best be defined (Kott, 1977) as: 

»-..a biotype that is prevalent in sewage and 

excreted by humans or warm-blooded animals. In 

addition, the indicator should be present in 

greater abundance than pathogenic bacteria, 

incapable of proliferation 2 or at least not more 

capable than enteric bacteria, more resistant to. 

various disinfectants than the pathogenic bacteria, 


and quantifiable by simple and rapid laboratory 
procedures. 


Of the known indicator organisms, the coliform bacteria 
and E. coli are considered to be most suitable and are the 
most commonly accepted indicators (Kott, 1977). The 


inadequacies of the other indicator organisms are seen 1n 
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their low recovery rates and poor enumeration methods 
(Evans, 1977; ICMSF, 1978; Niven, 1963). 

The coliform bacteria are 

Seeley aerobic and facultative anaerobic, 

gram-negative, nonspore-forming, rod-shaped 

bacteria which ferment lactose with gas formation 

within 48 hr at 35 C (Greenberg et a/]., 1981). 

They include members of the family Enterobacteriaceae such 
as species of Escherichia, Klebsiella, Enterobacter and 
Citrobacter. Of these four bacteria, only E. coli is 
considered to be an exclusive inhabitant of the intestinal 
tract. Klebsiella, Enterobacter and Citrobacter also occur 
in the intestines, but in much lower numbers. They are also 
widely distributed elsewhere in the environment; for 
example, on vegetation and in soils (Buttiaux & Mossel, 
1961). In studies on the distribution of these "coliform" 
bacteria in human faeces (Dufour, 1977), it was found that 
E. coli represented 96.8 percent of isolates, Klebsiella 
spp., 1.5 percent and the Enterobacter-Citrobacter group 1.7 
percent of the isolates. 

The coliform bacteria have been divided into faecal and 
non-faecal types. The coliforms of probable faecal origin 
are those that ferment lactose with gas production at 
44-45.540.2°C within 48 hours (ICMSF, 1978). Two genera fall 
into this category, Escherichia and Klebsiella. The 
fermentation of lactose with gas production at elevated 
temperatures is the only known characteristic used to 


distinguish between faecal and non-faecal coliforms. 
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However, it is an arbitrary definition, since some members 
of the coliform group may be isolated from non-faecal 
sources and still possess the ability to ferment lactose 
with gas production at 44-45.5°C. Most emphasis has been 
placed on faecal coliform bacteria as indicators of 
unsanitary conditions; however, non-faecal coliforms may 
also be useful as indicator organisms. Non-faecal coliforms 
make up about a third of the coliform bacteria present in 
raw sewage (Dufour, 1977), therefore, they may indicate 
contamination by raw sewage or untreated water, so that 
their presence in food and water may also be of sanitary 
Significance. 

E. coli does not proliferate in water, in fact it dies. 
Therefore, the presence of even one faecal coliform in 100 
ml of untreated water is considered to be significant by 
public health authorities. Treated water should not contain 
coliform bacteria. The sensitivity of ene coliform bacteria 
to bactericidal agents is similar to that of the potential 
pathogens, Salmonella and Shigellja (Buttiaux & Mossel, 
1961). The same significance cannot be applied to coliform 
bacteria in foods. In fact, coliform bacteria may form part 
of the natural flora of foods such as vegetables and raw 
meats (Buttiaux & Mossel, 1961; Geldreich et a/]., 1964; 
Remington & Schimpff, 1981; Wright et a]., 1976). Patterson 
and Woodburn (1980) reported total coliform bacterial counts 
envadéalfayandybeancsproutsfoin3e2cumhOs andothe9lx 10% 


cfu/g, respectively. The majority of the isolates were 
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Klebsiella pneumoniae (sensu lato). Other researchers have 
also reported the association of coliform bacteria with the 
botanical environment (Brown & Seidler, 1973; Cooke eft al., 
1980; Knittel et a/J., 1977). 

Raw meats contain E. co/]i and other coliform bacteria, 
even with good processing practices. A major source of meat 
contamination by coliform bacteria is usually the hide of 
animals during processing (Newton et a/]., 1977). Meat 
Supports the growth of E. coli and other coliform bacteria 
when stored improperly. A high coliform count in raw meat, 
therefore, may not be a reliable indicator of sanitary 
quality. Furthermore, the ability of coliform bacteria to 
grow in meats contravenes Kott's definition of an indicator 
organism. 

The use of Klebsiella spp., in particular K. 
pneumoniae, aS indicators of unsanitary conditions was 
Suggested by Bagley and Seidler (1977). However, the use of 
K. pneumoniae as a faecal indicator has been challenged, 
Since, unlike E. coli, it is ubiquitous and not restricted 
to the intestinal tract. Nevertheless the following points 
about K. pneumoniae should be considered. Sixteen percent of 
environmental isolates and 85 percent of known pathogenic K. 
pneumoniae had biochemical characteristics indicating that 
they were faecal coliforms (Bagley and Seidler, 1977). This 
suggests that isolates from both clinical and environmental 
sources may have once been from a common (probably faecal) 


origin. Several authors have reported that environmental 
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isolates are phenotypically and serologically 
indistinguishable from isolates associated with human and 
animal infections (Rennie and Duncan, 1974). The sanitary 
Significance of these organisms, therefore, regardless of 
their origin, should not be neglected. 

The occurrence of Enterobacteriaceae in raw meats and 
their significance at different stages of the meat handling 
process was studied by Stiles and Ng (1981). They observed 
that E. coli biotype 1, K. pneumoniae and Serratia 
liquefaciens were the dominant Enterobacteriaceae isolated 
from the raw meat handling areas of packing plants. Analysis 
of raw meats at retail level, before handling by butchers, 
showed that the dominant Enterobacteriaceae had changed to 
S. liquefaciens, Enterobacter agglomerans and E. coli 1. K. 
pneumoniae was identified as a minor isolate. The 
conclusions that were drawn from these observations were: 
(i) the frequent occurrence of E. coli biotype I in raw meat 
such as ground beef at both packing plant and retail levels 
limits the value of this organism as an indicator of 
Sanitary conditions of meat; (ii) infrequent isolation of K. 
pneumoniae at retail level suggests the possibility that 
this organism has a short survival time in meats, so that 
its presence at retail level could indicate recent 


contamination. 
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Il. OBJECTIVES 

(i) To determine the survival of K. pneumoniae and E. 
coli in (a) liquid laboratory media and (b) ground beef at 
low storage temperatures. 

(11) To determine whether phenotypic changes occur as a 
result of low temperature storage. 

(iii) To determine whether pH and indigenous meat 
microflora influence survival of K. pneumoniae and E. coli 


at low temperatures. 
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III. REVIEW OF THE LITERATURE 


A. The Genus Klebsie/]la 


Taxonomy 

The present definition of the genus Klebsiella 
according to the 8th edition of Bergey's Manual of 
Determinative Bacteriology (Buchanan & Gibbons, 1975) is as 


follows: 


Non-motile, capsulated rods, 0.3-1.5 um by 0.6-6.0 
um, arranged singly, in pairs or short chains. Grow 
on meat extract media producing more-or-less 
dome-shaped, glistening colonies of varying degrees 
of stickiness, depending on the strain and the 
composition of the medium. 

No special growth requirements and most 
Strains can use citrate and glucose as sole C 
source, and ammonia as N source. Glucose 15 
fermented with the production of acid and gas (more 
CO, than Hz), but anaerogenic strains occur. Most 
strains produce 2,3-butanediol as a major end 
product of the fermentation of glucose and the V.P. 
reaction is uSually positive; lactic, acetic and 
formic acids are formed in smaller amounts and 
ethanol in larger amounts than in a mixed acid 
fermentation. H2S is not produced from TSI; 
gelatinase and indole are usually not produced. 

Optimals temperature stor=qrowth 35-37; C; 
optimal pH about 7.2. 


This definition is the result of many years of research 
on this very adaptable organism. At present, Bergey's Manual 
(Buchanan & Gibbons, 1975) recognises three species: K. 
pneumoniae, K. rhinoscleromatis and K. ozaenae. The latter 
two species have definite characteristics which allow them 
to be readily identified. K. pneumoniae has less definite 


characteristics which has made its classification more 
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@ifficult. It was first isolated by Friedlander in 1883 
(Hay, 1932). It was recovered from patients suffering from 
pneumonia and described as a capsulated bacillus. This led 
the way to the discovery of other capsulated bacilli from 
pathological lesions and a wide range of other environments. 
However, these organisms were not identical in every respect 
with Friedlander's bacillus, and consequently, they were 
given different names (Perkins, 1904). As a result a large 
variety of names was used for virtually the same organism. 
In 1896, Fricke gathered all of these organisms into one 
group that was called Baci/]lus mucosus capsulatus (Hay, 
O32) 

One organism which researchers were reluctant to 
include in this group was Bacillus lactis aerogenes, because 
when it was first isolated by Escherich in 1886, he 
emphasized its similarity to B. coli (now known as 
Escherichia coli), and as a result, its similarities to 
Friedlander's bacillus went unnoticed (Hay, 1932). 

Perkins (1904) classified the B. mucosus capsulatus 
group according to certain biochemical reactions, as 
follows: 

1. Bacterium aerogenes - fermented dextrose, lactose 
and saccharose with gas formation. 

2. Bacterium pneumonicum (Friedlander's bacillus) - 
fermented dextrose and saccharose but not lactose with gas 


formation. 
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3. Bacterium acidi lactici - fermented dextrose and 
lactose but not saccharose with gas formation. 

Perkins (1904) also noted that the third group, B. 
acidi lactici, was generally called B. aerogenes. Later B. 
aerogenes was described as the type culture for B. mucosus 
capsulatus; the other two organisms were variants which had 
lost the ability to ferment certain carbohydrates (Perkins, 
1907). 

For many years, B. aerogenes and Friedlander's bacillus 
were classified separately. During this time, B. aerogenes 
became known variously as Aerobacter aerogenes, B. lactis 
aerogenes, B. pneumoniae (Buchanan & Gibbons, 1975). Over 
the years, researchers endeavoured to define the 
relationship between B. aerogenes and Friedlander's 
bacillus. One of the first studies was done by Edwards 
(1929). The characteristics he used to compare the two 
organisms included biochemical, fermentative and serological 
reactions. Based on his observations, Edwards (1929) 
concluded that: 

The organisms .... received from various sources 

labelled Friedlander bacilli cannot be 

distinguished from Bact. aerogenes and other 

members of the encapsulated group.... Bact. 

aerogenes is so closely related to the other 

encapsulated forms that they should be classified 

in the same genus. No constant differences have 

been observed which could be used to separate the 

organisms into two or more species. 

Eater, am support of Edwards (1929), (non-motile strains 


of A. aerogenes and Friedlander's bacillus were combined 


into the Klebsiel]a group, while motile Aerobacter spp. were 
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renamed Enterobacter aerogenes and —£. Cloacae (Edwards and 
Ewing, 1962). 

Research favouring the separate classification of A. 
aerogenes and Friedlander's bacillus goes as far back as the 
early 1930s. Hay (1932) reported that, within the B. mucosus 
capsulatus group, there were serological differences between 
faecal and respiratory tract isolates. As a result, she 
described two types: faecal (B. lactis aerogenes) and 
non-faecal (Friedlander's bacillus). 

In support of Hay (1932), Duguid (1959) reported that 
A. aerogenes was fimbriate while KJjebsiella spp. were not. 
Based on fimbriation and certain biochemical reactions, 
Cowan et a]. (1960) proposed the following division of the 
genus Klebsiella: K. pneumoniae, the type species; K. 
aerogenes, formerly A. aerogenes; K. rhinoscleromatis; K. 
ozaenae; K. edwardsii var. edwardsii and var atlantae. This 
classification was confirmed by Slopek and Durlakowa (1967), 
with only slight variations. They concluded that the two 
varieties, K. edwardsii var edwardsii and var atlantae were 
Similar to K. aerogenes and K. pneumoniae, respectively and 
differed only with respect to fimbriation. Therefore, they 
proposed that the varieties K. edwardsii and K. atlantae be 
subspecies of K. aerogenes and K. pneumoniae, respectively 
and renamed them K. aerogenes var edwardsii and K. 
pneumoniae var atlantae. 

Within the Klebsiella group, there are a number of 


cultures that liquefy gelatin and produce indole. K. oxytoca 
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was first described by Flugge in 1886 and was named Baci]]us 
oxytocus perniosus. The term Bacterium oxytocum (Fiugge) was 
later introduced by Migula in 1900. B. oxytocum was first 
isolated from stale milk and classified with B. co/i and 8B. 
lactis aerogenes (Lautrop, 1956). MacConkey (1909) described 
this organism in considerable detail. It fermented all the 
sugars he used in his study, it waS positive for indole 
production, non-motile and positive for the Voges-Proskauer 
test. It also liquefied gelatin slowly, taking as long as 
eight to twelve months to liquefy half an inch of the 
medium. Because this characteristic could not be readily 
used as a distinguishing feature, this organism could be 
incorrectly identified unless other differentiating tests 
were included. 

Many researchers isolated klebsiella-type organisms 
from a variety of sources and described them as being 
distinct from, but related to the Klebsiel]a group. Constant 
reference to these organisms in the literature is evidence 
of the frequency of their occurrence. The difficulty 
associated with inclusion of Oxytocum strains in the 
Klebsiella group is well recorded. Some strains are indole 
and gelatin positive while others are indole positive and 
gelatin negative. Brooke (1951b) and Kauffman (1956) 
considered the indole and gelatin positive strains as 
Ceronaane to the Klebsiella group, while Edwards and Fife 
(1955) included only the gelatin negative strains in the 


Klebsiella group. @rskov et al. (1956) proposed that the 
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name K. oxytoca be used for indole and gelatin positive 
Strains. However, Klebsiella capsule types were established 
for both gelatin positive and negative strains (Hugh, 1959). 

Several authors suggested that K. oxytoca should be 
placed in a separate taxonomic unit, within the family 
Enterobacteriaceae (Cowan et a]., 1960; Hugh, 1959; Lautrop, 
1956). This was also proposed by the Subcommittee for 
Enterobacteriaceae Taxonomy (Kaluzewski, 1967). Kaluzewski 
(1967) supported the separation of K. oxytoca into its own 
species within the genus KJebsiel]l]Ja. Based on his work and 
that of previous authors, Kaluzewski (1976) further 
concluded that 

....the name KJebsiella oxytoca should be applied 

to all indole-producing strains which show other 

features typical for the genus Klebsiella, with no 

respect to their capability of gelatin lique- 

faction. 

Contrary to this, Fife et al. (1979) considered that the 
differences between K. oxytoca and typical Klebsiella were 
insufficient to justify a separate species. They regarded it 
as a biotype of K. pneumoniae. 

The 8th edition of Bergey's Manual (Buchanan & Gibbons, 
1975) does not recognise K. oxytoca as a separate species, 
and considers it a biotype of K. pneumoniae. 

The nomenclature of K. pneumoniae is still not 
resolved. Two separate systems are still in use. Workers in 
America and Western Europe refer to K. pneumoniae (sensu 
lato), which includes K. aerogenes/oxytoca/edwardsi i/at- 


lantae. Workers in the United Kingdom use K. pneumoniae 
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(sensu stricto) to refer to Friedlander's bacillus, and K. 
aerogenes to refer to the K. aerogenes/oxytoca/edwardsi i/ 
atlantae group. This has undoubtedly led to confusion. Barr 
(1977) suggested that the U.K. adopt the usage of the term 
K. pneumoniae (sensu lato) to include K. aerogenes/oxytoca/ 
edwardsii/atlantae/pneumoniae, and that they retain the name 
K. pneumoniae (sensu stricto) for Friedlander's bacillus. 

As research progresses, K. oxytoca is becoming more 
accepted as a separate species. DNA-DNA hybridization (Jain 
et a]., 1974) and protein electrophoresis (Goullet, 1980) 
provided further evidence for the differentiation of K. 
oxytoca from K. pneumoniae. 

In a numerical classification study of the tribe 
Klebsiellae, Bascomb et a]. (1971) suggested the inclusion 
of E. aerogenes in the genus Kjebsiella. They proposed the 
name K. mobilis nomen novum, to distinguish it from K. 
aerogenes. A new species, K. terrigena, isolated from 
unpolluted soil and drinking water, has been proposed by 
Izard et a]. (1981), based on its phenotypic characters, 
protein electrophoretic patterns and DNA-DNA relatedness. 
They suggested the revision of the genus Klebsiella as 
follows: (i) K. pneumoniae, (ii) K. ozaenae, (iii) K. 
rhinoscleromatis, (iv) kK. oxytoca (Flugge), (v) K. mobilis, 


and (vi) K. terrigena. 
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Serology 

In an effort to resolve the taxonomic problem of the 
Klebsiella group, the serology of Klebsiella has also been 
investigated. The serology of the Klebsiella group is based 
on Toenniessen's differentiation of the bacterial cell into 
two components, the capsule and the soma (Brooke, 1951a). 
The capsular component is a carbohydrate that confers type 
Specificity and-virulence to the cell. If the capsule is 
removed, the organism loses its type specificity. The 
antigenic component of the soma iS a species specific 
protein. Sera produced by a capsule-free Friedlander's 
bacillus react with all acapsular strains of the Kiebsiella 
species (Julianelle, 1926a). 

Julianelle (1926b) described two varieties of bacterial 
cells: smooth (S) forms characterized by mucoid growth in 
liquid media, capSule formation, increased virulence and 
type specificity; and rough (R) forms characterized by loss 
of capsule and mucoid characteristics, loss of type 
specificity, reduction of virulence and species specificity. 
S strains can be converted to R strains, and R colonies have 
rough and irregular surfaces. 

Kauffman (1949) discovered that the serology of 
Klebsiella spp. involved four factors: the mucoid envelope, 
the capsule, the O antigen and the R antigen. Because of the 
Similarity between the mucoid, acapsular and the non-mucoid 
capsular forms, he described only three of the factors: the 


capsular (K) antigen; the somatic, smooth (O) antigen; and 
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the somatic, rough (R) antigen. Kauffman (1949) also noted 
that the simple designations of S, R and M (mucoid) 
previously used by researchers, were insufficient to 
describe the different forms that were encountered. He 


suggested the following classification: 


Ta 7Smooth Forms 


1. MKO = mucoid, capsular with O antigen 


2. KO = non-mucoid, capsular with O antigen 
3. MO = mucoid, acapsular, with O antigen 
Ae iO = non-mucoid, acapSular with O antigen 


II. Rough Forms 


1. MKR = mucoid, capsular without O antigen 


2. KR = non-mucoid, capsular, without O antigen 
3. MR = mucoid, acapSular, without O antigen 
43 wWoR = non-mucoid, acapSular, without O antigen 


The R antigen occurred in all smooth forms, but in the 
presence of fully developed O antigens, it was masked and 
gave only a weak antigenic reaction (Kauffman, 1949). 

The formation of large, mucoid, moist colonies, as a 
consequence of prominent capsule formation, is a noticeable 
characteristic of the genus Klebsiella (Edwards & Ewing, 
1972). Acapsular strains may be obtained by chemical or 
cultural methods. However, the use of these methods to 


isolate acapsular forms might produce rough variants of 
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changed antigenic constitution (Edwards & Fife, 1952). It 
would also strip the organisms of their type specificity. 
Therefore, for practical reasons, it is better to base 
serological identification on the recognition of capsular 
antigens. This is the only method in general use today 
(Edwards & Ewing, 1972). To date, 11 somatic O antigens 
(Buchanan & Gibbons, 1975) and 82 capsular K antigens have 
been reported. In reality, however, only 77 K antigens 
exist. Five were found to be identical or very closely 
related to types that already exist (@rskov & Fife-Ashbury, 
19°97). 

Investigations dealing with nosocomial Klebsiella 
infections have relied greatly on serotyping to identify 
Klebsiella strains. However, cross reactions between strains 
interfere with the efficiency of this method (Rennie & 
Duncan, 1974). They have suggested that the combined use of 
biotyping and serotyping is more helpful in sabaieidine 
Klebsiella strains into many more distinct types than either 


system used alone. 


Habitat and Pathogenicity 
im Clinicajoisolates 

K. pneumoniae occurs normally in the intestines of 20 
percent of healthy humans and 30 to 40 percent of healthy 
warm blooded animals (Bagley & Seidler, 1977; Campbell eft 
al., 1976). In the past, these organisms were rarely 


considered pathogenic; however, over the years, their 
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frequent association with clinical infection has made them a 
cause for concern (@rskov, 1981). 

K. pneumoniaeé is known to be responsible for 2 percent 
of all cases of acute bacterial pneumonia, with a 60 to 70 
percent mortality rate attributed to antibiotic resistance 
(Gaplenassétcal:,cn98dse@rskovi».l1981)+ Insaddition,-it.is an 
opportunistic pathogen, that causes a variety of secondary 
infections, especially in elderly, compromised or 
postoperative patients who are receiving antibiotic therapy 
(Orskov, 1981). Klebsiel]a are most frequently isolated from 
human genito-urinary tract infections but they also cause 
many reSpiratory tract infections (Brown & Seidler, 1973; 
Caplenas ‘et a]., 1981: @rskov, 1981: Seidler et a]., 1975). 
Diseases caused by K. pneumoniae also include bacteraemia, 
osteomyelitis and meningitis (Caplenas et a/]., 1981). A 
large percentage of the bacteraemiae may originate from 
infections of the urinary tract and such cases are often 
fatal (@rskov, 1981). Enterotoxigenic Klebsiella may lead to 
outbreaks of diarrhoea in children. Newborn babies are 
extremely susceptible to colonization by Klebsiella, because 
there is little microbial competition in the intestine (Deb 
et aJ., 1980). In domestic animals, Klebsiella has been 
identified as the primary causative agent of bovine coliform 
mastitis (Bagley & Seidler, 1977) and it is recognised as a 
serious and lethal agent of diseases (Knittel ef a]., 1977). 

Multiple resistant (MR) strains of K. pneumoniae were 


isolated from hospital patients with resistance to 
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gentamicin, tobramycin, cephalothin, chloramphenicol and 
ampicillin (Gerding et a]., 1979). The large scale use of 
chemotherapeutics and other antibiotics selects for 
resistant organisms that may carry R plasmids with drug 
resistant genes. Such plasmids may be transferred not only 
among strains of the same species, but also to other species 
(Grskov;21981)). (‘This chas been ‘demonstrated ‘with “the “transfer 
of R plasmids from MR K. pneumoniae to E. coli K-12 (Gerding 
et al., 1979). They observed that even when the incidence of 
new cases of MR KJebsielia infection was reduced, the rate 
of isolation of non-Klebsie]/Ja antibiotic resistant Gram 
negative bacilli had increased. This suggested that the 
transfer of R plasmids from MR Klebsiella was responsible 
for the increased isolation of these organisms, which 
included the genera: Enterobacter, Proteus and Serratia. 

The epidemiology of K. pneumoniae infections is not 
clearly understood. Many authors have proposed that 
nosocomial infections with KJebsiella occur through 
intestinal colonization by the organism, which in turn 
serves aS an important reservoir for autoinfection and 
cross-infection (Caplenas et a]., 1981; Casewell & Phillips, 
1978: Cooke et al., 1979; Gerding et al]., 1979). 
Precolonization often precedes infection (Gerding et al., 
1979). Symptomless patients colonized with K. pneumoniae 
were four times more susceptible to nosocomial infections 
than patients who were not colonized (Caplenas et al., 


1981). Cooke et al. (1979) showed that approximately 50 


"1 


AG toh. Beaxe2 40074 led Si eoimeeka sie ,2enep ¢ 
fosqo dpiito of, cads (fudh, eer 9g R: iT Bg fo rohaateren. 


- a * 
Leics sis .tenonm: 55° re arnt a 


enisisd) tf-A T1oS «a o¢ SS Miombenh) ames mead 


cif lrdy 4 iL aweee? Teel wif 15  Renaiig 52) fidit sveRat raat 


» oa) 
yee ye 


fu : _ i 
: i 7 
Wy : a5. 


bre Lavrndtahnsonds eemrebergas: hig 
Re seu siase vost, ad? ‘pene. nae 


Ss 


a 


= ds oe eee Perens ae tt 
10a “sineloe’ wo Peteitar tease Bne, 


gus sate ebinee lg a) Yat sy vidar dead: ee 


ssisolani’ ads nanw neve  ssnides ad eet vonT : Lene | wa TS 
fey add. \Bonubetleaw melszeT Tey yereae tyne am ee 
In?D Snetalas: stsaidt2h6 ais lewertncnen 32 not 


stig Jet? ‘heieeneue-arnd Soe gpatnt Osi jetidved wr: 


QQ 
< 


noqest 26Ww si ral ses\ A: AM ion 263 ie oiey oo 38.5 
OLN ., AMS LIBOAo ae veda jaatoua Hs2sSFanz ene 
iy k 
siyshye2 5ns6. 2issow pee el iijondp arts iN td 
ef: ehodeSelag eal hemnGenen a" tary pes a: EGS st 
s5H2°bsab (aves “é sioruua Bett? 7294 seebre 4a 
Duo us swede 6 SS SOS fa i. Bieotawahitt is thos 
wie iota ne inkgan He, hos wide? adios Catrall 
Sts. no ft sean bowie Yor oviegest acta anid ne Be eevred 


Wy 


(oterre slate sn'te wea cOTRT, 16°29 S¥oo2 yBTEe 


~ 


t 


lB 36 pas bysp) weisasial aebesesy nasio seigenthelopss9 
SBN DeaeLANS iw besinatos etpetich: seslersqny® JCQRRt 
aenocizgossaz heehigpeeon ot ‘es lapgassete S70" eons mot —_— 
‘ts 1s) ansigE) besinolos ton) Siew ofW. emneiseg esti 

0c viscamiee ags shea bewote (ETet) ..s Te eeeed ..01 684 


20 


percent of patients with Klebsiella infections carried the 
Same serotype in the bowel. 

The hospital kitchen, food leaving the kitchen and to a 
lesser extent the hands of the hospital personnel, have been 
implicated as sources of Klebsiella in the colonizing of the 
intestines and spread of the organisms among patients. Foods 
that have been implicated include: salads and cold meat 
(Casewell & Phillips, 1978; Cooke et a/]., 1980) and icecream 
(Casewell & Phillips, 1978). Klebsiella are seldom isolated 
from hot foods, however. The contamination of foods prepared 
in hospital kitchens with Klebsiella spp. of different 
serotypes has been demonstrated by Casewell and Phillips 
(1978) and Cooke et a/. (1980). They reported that the same 
Klebsiella serotypes that were isolated from contaminated 
food ingested by patients were also isolated from the 
patients' faeces after ingestion of the food. Furthermore, 
autoinfection of patients by their acquired intestinal 
Klebsiella flora was reported by Selden et a]. (1971). They 
found that patients whose intestines became colonized with 
Klebsiella after admission to hospital were more frequently 
victims of later Klebsiel]a infections by the same serotypes 
as that found in the intestines. Patients who were carriers 
at the time of admission rarely developed infections with 
the same intestinal serotypes. 

In contrast, Casewell and Phillips (1978) could not 
demonstrate autoinfection of any patient by intestinal 


strains. They found that most of the acquired Klebsiella 


wid Soianesieqo: sasini Slishsasin Reiwos asiteq | 
ae Teal ee | oie . ase 
es | | id 

s oF Bos cotati ss ody oniwaat ogo notinitibaks ‘on 
fad |r Leqhestay Lsiiqeon sds A iyi 
bat to pareicgolos) sha, ae alt eteaetn” : +8 eSonliba ea 
S69. -jBaneisna ¢ ‘oma snsliinsyye $6.3 16 beasts. omnes 
Seeas Oficina. ‘ bel 52). 9 Se [oui beteor lami’ neomle é 
toast Sus (088), \s te eiood 9608) Jeanine 
foadi moiiied (sts -e\TSleast® vere! aaeeniad % rh 
93364570 ee 19 AOrisnimeanes SP Naveed. aaqee soz " 


Nsteis ib 20..J@@e,. 81 Svess | Wie anenoud # Laein 


at 
od 
~ 
) 
~ 


DNS LSwSs2sD'vd bso teisereien. nad aed 
' 
2. adi..tadt ostieqed gad? TOR) iS oS ShOoD are. 


nO2 moa? bseeiset Ada sens zecyviotse eh ie 


novi Osdseioe: obi Sisweamnene cn va reich ep: | 
{717 «bOed Sho 25 Pe es “eyn 2 
fehrgesine ja PbUBOB 1isd4 ydSednaitae 2d agtstet, ioa 
(adT . (ifr). 41S SS eb ise ed Oediedas aay GxGL 3 eh ext eta 
bexineivo iene jad Bante tier ee BIAS Pag f6249 win 
\tisuns73) Stom ery. Learreod oy ‘no fae ini tsitie s' ala 
CIGNIONS2 oMBe snd eye /aGerLogA gE = ‘Apled i Teel Bp eal aogt | 


[3298S STEW OW BIA 


ie 


E969 -2sniseoret dy ai Raw’ I edhyy : le 
itiw-go0igesitn£’ bsqpiavab vietsy netreeinths: to sitio aa te 


J/ESGYIOISe Leac testi. omee sey 


fon Hhvuon ..SF2tP agi iling fne-Bhawesed .ISa7InoS RF 
taniszesint eo tnsiisg (ne. 3e ioldsets logo® Saeyseneeee 


&\ lstedet) baatupts srt Jo sem sega: Bavcd YMiT- . erteqase 


Za 


infections were attributable to cross-contamination of other 
patients on the ward. Hands of hospital personnel were 
implicated as a significant route of transmission. Casewell 
and Phillips (1977) reported that 17 percent of hands washed 
yielded Klebsiella. On four occasions, the serotypes 
isolated from hands of staff were identical with those 
colonizing or infecting patients on the ward. In contrast, 
Hart et al]. (1981) reported only one instance in which the 
Klebsiella strain isolated from hands of a staff member was 
the same serotype as those causing infection on the ward. 
Their results indicated that these organisms did not become 
part of the resident flora on the hands. Patients who were 
bed-ridden and whose faeces contained the organisms were 


more likely to carry these organisms on their hands. 


2. Environmental Isolates 

Klebsiellae are not restricted to the intestinal 
environment of humans and warm blooded animals, they are 
very widely distributed in nature. However, in the past, 
there was little significance attached to their frequent 
isolation from the environment. Isolates with the indole, 
methyl red, Voges-Proskauer, citrate (IMViC) pattern of --++ 
of clinical origin were called K. pneumoniae, while similar 
isolates of environmental origin were known as "Aerobacter" 
(Seidler, 1981). The widespread occurrence of K. pneumoniae 
in large numbers in the environment has been reported by 


many researchers. Table 1 summarizes the environmental 


a iiala we 


Isito fo Avitd wal bussed lagiHS co fe 

get feurcetsg sx: kl 70 eens ot 3 
if 4weeasD inoiseimenei Eo siues arta ie 
hadeew Bhoahoio ices tsq Vt Sage BeINOGED every 


i ; 
2sq7 totes sd -anetassse 209 ‘6  aitonean 


‘adqtdo> ob. . Stew end ine Senet faq. ae etpa tne: ‘te 5 


+ ~ pe _ J 4 
By +f a" s aty nor? fan yues (carta ey 
oq: aAchkss ‘onltavbo e20d9 26 sayaiee 


j brb ame Enepie evar Z seria be teosin es Luma, 
alte? Yebabrt fads ao sxott iiebiasr sho 
: ; wa lasoro .ant beni es top’ 2ecse. sporti Bis, | 
rien? ne ene ~TSpae seeds iis. OS > scien 

af 
Sa 
esistoes. rst nes 
jZetesin£i eds BY bd7 029 929m) uontata. ‘on iavedin tte | 
vers ,elenins Bepoold yriey baie arama oe 1niseanted2 Je 
.teaq edi sh TONSWO Wi aauseme nh Ge aatY ines Tisbin Come ; 
uDsitey lady O23 Qedogrts sheariinpte siterl-zaw otatd 4 
‘siobnt aft a piwqatetee, _Sgrampigg by ae aq fitto +i aot 30.808 » 
kre 2 of iied36q ‘Shyu stsits>D WT3ueA2079- A@GOV bse lyfe 
rafinte slidw ,s6iogmieia” x toliss eisn nipiznw Laolgehe ae 
"nNogsetionch” o¢ —stword oisw crdbas Ledtdnacti vas to esteboel 
Se inegiENg: A lo sarsiashco bod Sean sit . 188! ,.eLerag?r 
ved besiege: dead ash Jnromnorivne ed4 ni exedmin soral at 


imerenne? ivnasft ass15 cane ua dst ciel ail yen 


22 


sources of K. pneumoniae, together with the cell densities 
at which they were reported. 

The origin of environmental contamination by 
Klebsiellaeé is unresolved. Seidler (1981) suggested that the 
organisms originate from the faeces of insects, rodents, 
other wild animals and birds. Small inocula proliferate 
rapidly, since the botanical environment can provide the 
required nutrients to support the growth of clinical, faecal 
and environmental Kljebsiella isolates. 

The public health significance of Klebsiella in the 
environment is debatable. The following arguments have been 
put forward: 

A. Klebsiella are not always isolated in association 
with —. Cojd, themotfiicially accepted, indicator of faecal 
contamination (Campbell et al]., 1976; Knittel et a/]., 1977). 
This has been attributed to several factors: (i) K. 
pneumoniae are better survivors than E£. coli (Bagley & 
Seidler, 1977). For example, in raw drinking water, 
Klebsiella made up 40 percent and £—. coli 60 percent of the 
faecal coliforms, while in treated water, 67 percent of the 
faecal coliforms were K. pneumoniae and only 4 percent were 
E. coli: (ii) Klebsiella spp. have unique nutritional 
characteristics which enable them to survive and multiply in 
the environment (Bagley & Seidler, 1977). Their ability to 
fix nitrogen may also play a role in their colonization of 


the botanical environment (Knittel et a/., 1977). 
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TABLE 1. Distribution of K. pneumoniae (sensu lato) in the 


Environment 


Source Cell Density 
enuy¢g oOr ml 
Vegetable peel LOR ig 
Salads 10-481 O47G 
Pulp and paper 
mill effluents Oconee 
10) 7nd 


Potatocesitandclettuce 102 Fg 


Alfalfa and 
bean sprouts 107g 


Lake water 13% /me 


Reference 
Brown and Seidler, 
1973 
Wrightret cals, nil976 
Knitted eb al, 1977 
Caplenas eG ai ., 1981 
Knittelrem ahe, 1977 
Patterson and 
Woodburn, 1980 


Niemela and Vaatanen, 
1982 
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B. The stipulation that the occurrence of K. pneumoniae 
in the environment may indicate a health hazard is based on 
StS epocrential pathogentveity and its’ identification as a 
faecal coliform. Many microbiologists do not accept K. 
pneumonia@ as a potential health hazard because they are 
reluctant to believe that the environment can contain 
disease causing organisms in such large numbers (Knittel eft 
a? PRES Pe? et 

Some microbiologists doubt the significance and 
validity of a positive faecal coliform test (production of 
gas from lactose fermentation at 44-45.5+0.2°C in 48 h) 
caused by K. pneumoniae in the absence of £—. coli (Bagley & 
Seidler, 1977). In defence of the significance of the faecal 
coliform test when applied to Klebsie/jla, Bagley and Seidler 
(1977) showed that among Klebsie]]a cultures of known 
pathogenic origin, there was a high incidence (85 percent) 
of pdecar coliform positive reactions. Subsequent testing of 
environmental KlebsielJa isolates showed that 16 percent 
were faecal coliform positive. The test therefore, indicated 
that environmental sources of Klebsiella identified as 
faecal coliforms would be true faecal coliforms and not 
false positives. Bagley and Seidler (1977) concluded that K. 
pneumoniae, when found alone, should be considered as valid 
a®faecal coliform"as ‘E; coli. Concurrent “isolation of -E. 
coli and faecal coliform positive Klebsieila from the 
environment should indicate recent faecal contamination, 


while isolation of faecal coliform positive Kiebsie]la alone 
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should indicate faecal contamination at some point in time, 


either recent or much earlier. 


3. Comparison of Clinical and Environmental Isolates 
Comparative studies have been done on both clinical and 
environmental KiebsielJa isolates in an attempt to clarify 
their public health significance in the environment. Studies 
on the biochemical properties, serology, antibiotic 
sensitivity, DNA relatedness, faecal coliform reaction, 
colonization of the environment by clinical strains and 
pathogenicity of the environmental strains have been 


reported. 


a) Biochemical Properties 

In the past, the coliform group of organisms was 
differentiated on the basis of four biochemical tests: 
indole production, methyl red test, Voges-Proskauer test and 
citrate as the sole source of carbon, known by the mnemonic, 
IMViC. E. coli biotype I is classically recognised by the 
IMViC reaction ++--, while the Klebsiella-Enterobacter group 
was recognised by a --++ reaction. Klebsiella isolates with 
anc dMvaCs pattern «<atteweresfrombralvarietyeofi sources - 
clinical, faecal and environmental. However, further 
research has shown that some Klebsiella spp. cannot always 
be classified by this IMViC pattern. Klebsiella from the 
Same habitat exhibit different IMViC patterns and there is 


no correlation between IMViC pattern and habitat (Seidler et 
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al., 1975). Researchers have found that the saprophytic K. 
aerogenes is methyl red negative (MR-) and Voges-Proskauer 
positive (VP+) while the pathogenic K. pneumoniae (sensu 
stricto) is MR+ and VP- (Campbell & Roth, 1975). A total of 
seven different IMViC patterns have been found among 
environmental KJlebsiel]a isolates (Brown & Seidler, 1973), 
compared to three to four patterns among human and animal 
isolates (Seidler, 1981). Some common patterns that have 
beent reportediare f-++) sttteatttt ,y-+-+ (Browns & Seidlers 
1973). They reported that 50 percent of the environmental 
and human K. pneumoniae were --++, 28 percent were indole 
positive and 36 percent were MR+. The IMViC reaction -+-+ is 
uncommon among KJebsiella spp. It was previously used to 
identify another species, Citrobacter freundii (Campbell & 
Roth, 1975). However, it has been reported by many authors 
for the ATCC strain of K. pneumoniae #13883 (Brown & 
Seidler, 1973: Cowan et al]., 1960: Naemura et a/., 1979). 
In other biochemical reactions, including the 
fermentation of various sugars, urease activity and 
decarboxylase and dihydrolase activities, no significant 
differences were found that could be used to distinguish 
between clinical and environmental isolates (Brown & 
Séidleregi973- Matsen et a/].) 1974> Seidler ef ai., 1975). 
The single most variable reaction was the production of 
indole. Although indole positive strains (K. oxytoca) were 
isolated from both clinical and environmental sources 


(Woodward et a/]., 1979), their frequency of isolation from 
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these sources varied among researchers. Edmondson et al. 
(1980) and Matsen et a]. (1974) reported the occurrence of a 
higher proportion of indole positive strains among clinical 
isolates. In contrast, Bagley and Seidler (1977) reported 
that only 15 percent of clinical isolates were indole 
positive compared to 33 percent of environmental isolates, 
while Seidler et al. (1975) reported that 100 percent of 
Klebsiella isolates from living fir trees were indole 
positive compared to 17 percent of human clinical isolates. 
The isolates from the fir trees were among the most atypical 
strains encountered; some gave a weak H2S reaction. 
Differences in urease activity were also reported (Bagley & 
Seidler, 1977): 100 percent of clinical isolates were urease 


positive compared to 75 percent of environmental isolates. 


b) Serology 

Serological studies have shown that human and 
environmental isolates are indistinguishable (Seidler et 
al., 1975). Klebsiella strains isolated from infections, 
faeces, mastitis, hospital kitchens, water and botanical 
environments displayed a wide range of serotypes, with no 
one type or types predominating among isolates (Edmondson et 
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c) Antibiotic Sensitivity 
The widespread use of sulphonamides and other 


antibiotics contributed greatly to the reduction in 
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mortality rate of many bacterial infections. However, in the 
process, strains of organisms evolved with resistance to 
certain antibiotics. Some strains were resistant to drugs to 
which they had never been exposed. This was further 
complicated by the appearance of multiple-drug resistant 
Strains (Falkow, 1975). Studies with members of the family 
Enterobacteriaceae showed that drug resistance was 
transmissible within and between species and the term 
resistance factor (R-factor) was adapted for this property 
(Falkow, 1975). 

Selden et al. (1971) observed that the initial 
intestinal flora in patients who subsequently developed 
nosocomial infections was sensitive to all antibiotics 
tested (chloramphenicol, sulphonamides, kanamycin, 
streptomycin, neomycin, tetracycline) with the exception of 
ampicillin. After infection and antibiotic therapy, 
Klebsiella were isolated that were resistant to three and up 
to five tofythe ¥antabiotics «Knittel tetwail,, .(1977.) (found 
transmissible R-factors among isolates from the botanical 
environment and suggested that plant material may serve as a 
reservoir for the spread of known pathogenic strains. 

Comparative studies by Edmondson et al]. (1980) on the 
extent of antibiotic resistance of Klebsiella strains showed 
the following results: clinical isolates and isolates from 
mastitis and the faeces of patients were most resistant, 
being resistant to five or more antibiotics, while strains 


isolated from the hospital environment, including the 
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kitchen and food were less resistant. The least resistant 
strains were those isolated from the faeces of Biabarsents 
with no known infections, flowers from both inside and 
outside the hospital and from river water. The majority of 
the least resistant isolates (more than 70 percent) were 
sensitive to eight or more antibiotics. The same trend was 
observed by Matsen et al]. (1974) who reported that 
Klebsiella isolates from natural receiving waters were more 
Susceptible to antibiotics than human clinical isolates. 
Strains from all sources were found to be highly resistant 
to ampicillin and carbenicillin (Edmondson et a/]., 1980; 
Matsen et al., 1974). Matsen etal]. (1974) also observed 
that the greatest number of strains susceptible to 
ampicillin (27 percent) and carbenicillin (12 percent) was 


1Solated. fromyclean saline water sources. 


d) DNA Relatedness 

Although Klebsiel]lJa isolates of both clinical and 
environmental origin are phenotypically indistinguishable, 
DNA reassociation studies have shown that environmental 
isolates are genetically more diverse than human clinical 
isolates. Seidler et a]. (1975) observed a range of 5 to 100 
percent in relative DNA reassociation. They examined 
Klebsiella strains from four different environments: human, 
river, vegetable and pulp mill effluents. The vegetable 
isolates showed the greatest diversity from the human 


reference strain, K. pneumoniae ATCC 13883. The average 
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homology was only 35 percent. Most of the human isolates 
Showed an average homology of greater than or equal to 75 
percent, with comparable degrees of homology occurring 
between the reference organism and the river and pulp mill 
isolates. 

Similar observations were made by Woodward et al. 
(1979). Unlike Seidler et a]. (1975), they used the faecal 
coliform strain of K. pneumoniae ATCC 13882 as the reference 
Strain. However, they reported that it was genetically 
indistinguishable from the non-faecal coliform strain ATCC 
13883 and had the IMViC pattern --++. Both were originally 
human isolates. Based on relative reassociation studies they 
concluded that although the majority of environmental 
Klebsiella was of the same phenotype as K. pneumoniae (sensu 
stricto), they were genetically distinct, and as such were 
not all members of this species. In fact, they formed a 
molecular group among themselves that Woodward et al. (1979) 
considered should be three new taxa. However, these 
genetically diverse Klebsiella spp. were capable of causing 
clinical infections, since three strains had been isolated 


from clinical material. 


e) Faecal Coliform Reaction 

The faecal coliform test (growth and gas production 
from lactose at 44-45.5°C) is normally used to define the 
origin of a coliform (ICMSF, 1978; ‘Naemura & “Seidler, 1978). 


Naemura and Seidler (1978) reported that eighty-five percent 
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of Kiebsiella cultures of known pathogenic origin were 
faecal coliforms. However, 16 percent of environmental 
isolates were also faecal coliforms (Bagley & Seidler, 
1977). It was suggested that the contamination of fruits and 
vegetables by faecal coliforms may be through insects, 
direct defaecation of wild and farm animals, polluted 
irrigation water and use of manure (Geldreich & Bordner, 

(9 7Ne. 

Naemura and Seidler (1978) postulated that 
environmental isolates might have lower minimum growth 
temperatures than clinical isolates. They found an inverse 
relationship between faecal coliform positive isolates and 
growth at 10°C, regardless of habitat. One exception was the 
Aen =faccal coliform, strains ATCC 13883 ,,.whichididinot grow 
Susl0Le. SSinece fariure to. GrowmatelO'C aS vanchanacteristic 
of faecal coliforms, it was suggested that K. pneumoniae 
ATCC 13883 may have been a faecal coliform that mutated to a 
non-faecal coliform (Naemura & Seidler, 1978). It was noted 
that many of the non-faecal coliform isolates that grew at 
10°C also grew anaerogenically at 44.5°C. They have been 
termed "thermotolerant". Other comparisons made between 
faecal and non-faecal coliforms were: 

1. All faecal coliform isolates were indole negative 
(Naemura & Seidler, 1978). Indole positive strains (70 
percent) were reported among non-faecal, clinical isolates 
(Edmondson et a/]., 1980). Because of the clinical source of 


these indole* positive, non-faecal coliform strains, it was 


288 ML LTO ial ate in} meats: to 


i 


ein 3648 asteledt egidios aae3.nca% aig v ko wee salts 


ayers 


Enetdenc 1 3643 Seadgeppiea di a akan atact 
Lao 


sid ave yen? .o1e BB de aE Midapessans adap ants ond 


secon sfobalisvdw. Asdeloak Wpee hide “Levies bia 7 8 


der lLasingts\ieaset-nan “none Ges idae- ; sts (¢4ente¢ 
SOINOR . zaninits eds 26 Seesvok sities « es corbromhe) 


sadunctivas to Jhespey at ee 
teLbs sk St il ehwhelos . sao Oe one 


_ v } - ? 4 

2 as BuONG oO) “YS Sez Oo 254 
PN ay Scape 2 heats MO le eae ie 
SV ON LOG 7 2S Stet OAS 


? 7 Y 
iD UML. IsMed. ev an, Be a paral Lean 


i+ betdlydkoa |( BTR uss terse lee: soa 


ieee io am! ype ‘ 5 sty eo out ‘f. :: : : 
1S DNVOT YaetlT 23943364 C88 WSS i ahs. head Aa eee 


tiis.>-LagSea” neta s we ‘waar 


Pe ae 
i 


iGijqeors gn0*stetldsd 2e=Beepeepes: yoo sai { 


\ 

4 

4 

4 
~~? 
a 
— 

i 


ap &. (Mead eeu. Am 690 
ray SD BRS) prelates shpat bztht Lae (Le 


ae * 


x. 
\ 
5A 
LAs 
ry 
~ 
fo) 
Ps 

: 
i 


Gaiisqnoc. sgehtg "sy mes aceiieunenea® bemred 
;4%sw sind 34503 6>S62-n0e : Ty (998) 


.) teniasca avis! esq’ Fens etaeetl:, wwib.e2@ Vente GMD 


i“ 72nlatie Met iLies- toDaeNeaen iateeR 2296nT ‘saedd 
Vy 
yi : 
ee Ore: +l r 

\ — > 


32 


suggested that they may be more significant in causing 
infections than other indole positive non-faecal strains 
that were not clinical isolates (Edmondson et ajJ., 1980). 
2. Faecal coliform strains were more resistant to 
antibiotics than non-faecal coliforms, regardless of indole 


reaction. 


f) Colonization of the Environment 

The observation that environmentally derived Klebsiella 
were genetically more diverse than clinical isolates raised 
questions about the ability of clinical isolates to colonize 
the environment and their ability to compete with the 
indigenous flora (Knittel et a/j:, 1977). Pathogenic and 
environmentally derived Klebsiella isolates survived equally 
well in filter sterilized and raw pulp wastes and on the 
surfaces of potatoes and lettuce, reaching cell densities of 
10*/ml in the pulp wastes and 10°/g on the vegetables within 
24 hours. The counts were comparable to those of indigenous 
Klebsiella of unknown origin. This study also provided 
evidence that KJebsie]]a isolates were able to colonize 
Sawdust bedding and that they could spread from cow to cow, 
infecting the teats and cauSing mastitis. 

The indirect contamination of lettuce by first 
immersing hands in different K/ebsie]]a suspensions (10, 
102.4102 .cfu/ml), showed that Klebsiella: grew \on the«lettuce 
even at the lowest levels of hand contamination. This 


implicated hands as a source of vegetable contamination 
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(Knittel et al., 1977). Similar studies by Yamamoto and 
Seidler (1981) with radish seeds showed that, regardless of 
the initial inoculum (10° to.104/seed),; the Klebsiella count 
of both clinical and environmental isolates reached 10’ 
cfu/g of plant material after the first week. The counts 
decreased weekly as the plants grew, but even after five 
weeks, counts were still in the range of 10* to 10° cfu/g of 
plant material. The K/ebsie]l]a organisms were not found 
inside the plant or on the leaves, but on the root bulb 
surface and the attached soil. Furthermore, Klebsiella 
Survived well on plants, but when the soil alone was 
inoculated with similar concentrations of Klebsiella as the 
radish seeds, the organisms failed to grow. 

Survival of Klebsiella isolates inoculated onto radish 
seeds varied with source of the isolate, in the following 
decreasing order of survival: vegetables, mastitis, human 
infection, water, pulp mill effluent. Nevertheless, 
contamination with isolates from all sources, resulted in a 
count of greater than 10° cfu/g of plant material at time of 
harvest. There was no correlation between survival and 
faecal coliform reaction or density, of initial, inoculum 
(Yamamoto & Seidler, 1981). 

The effect of repeated growth of pathogenic Klebsiella 
in the botanical environment on the virulence of these 
enganismsavasestudieduby Knitteliet ale« (1977). iKiebsiella 
from human infections and bovine mastitis were passaged 


through pulp wastes for a period of seven weeks. Changes in 
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virulence were monitored in mice by determining the LDso 
values. Isolates from bovine mastitis did not decrease in 
virulence despite about 290 generations of growth. The 
virulence of human isolates decreased significantly but only 
after about 100 generations of growth. Knittel et al. (1977) 
concluded that plant material could serve as a reservoir for 


the spread of pathogenic Kjebsiella. 


g) Pathogenicity 

Studies uSing LDs, techniques were done on mice to 
determine the potential pathogenicity of environmental 
isolates of K. pneumoniae compared to clinical isolates of 
known pathogenicity (Bagley & Seidler, 1978b; Matsen eft al]., 
1974). Matsen et a]. (1974) reported a mean LDso value for 
mice of 4.5 x 10° cells/ml for water isolates compared to 
5.3 x 10° cells/ml for human clinical isolates, indicating 
virtually no difference in virulence between the two groups. 
Similarly, Bagley and Seidler (1978b) reported no 
Significant difference in the mean LDs, values for mice for 
Klebsiella isolated from different environments. In 
contrast, they found that E. co]i isolates from drinking 
water had a significantly higher mean LDs>» value than 
clinical E. coli and all of the Klebsiella isolates. These 
results indicated that K. pneumoniae isolates from any 
source, were equally pathogenic for mice. This included 


faecal and nonfaecal Klebsiella and K. oxytoca. 
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Bagley and Seidler (1978b) concluded that Klebsiella 
from environmental sources have a dual role: (1) they are 
opportunistic pathogens for humans and animals, and (2) 
faecal coliform positive strains serve as indicators of 
faecal contamination. Since faecal coliform negative strains 
and K. oxytoca are as pathogenic as faecal coliform positive 
strains, they should also be considered a potential health 


hazard (Bagley & Seidler, 1978b). 


B. Effects of Low Temperature Storage on Bacteria 

In the food industry, freezing is an important method 
for preserving or prolonging the shelf-life of foods 
(Calcott, 1978). Bacterial cells that survive freezing may 
do so with no apparent adverse effect or they may be 
Sublethally injured. The judgement of these different states 
of viability is based on the ability of the cells to 
multiply and form colonies on different types of solid media 
(Ray & Speck, 1973). Uninjured cells are those that multiply 
and form colonies on nonselective and selective agar media. 
Nonlethally injured cells are of two types: 

(a) metabolically injured - those able to multiply and 
form colonies on nonselective media (for example, tryptic 
soy agar) but not on minimal salts media; 

(b) structurally injured - those able to multiply and 
form colonies on nonselective media, but not on selective 


media (for example, violet red bile agar). 
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The different states in which bacterial cells exist in 
frozen foods can complicate the detection of pathogens and 
indicator organisms. It is important, therefore, that 
special methods should be used to allow the repair 
(resuscitation) of nonlethally injured cells. Without these 
techniques, frozen foods could be an unsuspected health 
hazard, (Ray. \& Speck,, 1973 Speck .et .al..; 1975)". Incubation 
of the injured cells in nonselective media restores their 
ability to grow on selective media (Mackey et a/., 1980). 

The susceptibility of bacterial cells to freezing 
damage differs between strains and species of 
microorganisms, the age of the culture, the nature of the 
medium in which the cells are suspended and the conditions 
of freezing and thawing (Ray & Speck, 1973). 

Gram positive cells are generally more resistant to 
damage by freezing than Gram negative cells (Calcott, 1978; 
Ray & Speck, 1973; Speck & Ray, 1977). Williams et al. 
(1980) reported significant reductions in coliform and E. 
coli from ground beef stored at -20°C for 4 days, while 
Significant reductions in Staphylococcus aureus occurred 
only after 11 days of storage at -20°C. The reason for this 
difference between Gram positive and Gram negative cells is 
not known, but it may be due to the less complex nature of 
the Gram positive cell envelope (Calcott, 1978). It is 
possible that the lipopolysaccharide layer that forms the 
permeability barrier of Gram negative cells is damaged 


during freezing and thawing, allowing leakage of cellular 
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materials and rendering the cells more susceptible to 
solutes and toxic substances in their environment (Ray & 
Speck, 1973). 

Studies have generally shown an inverse relationship 
between bacterial survival and temperature. It was found 
that at temperatures above -80°C, the death rate was” 
greater, while below -80°C, bacteria exhibited considerably 
reduced death rates (Calcott, 1978). Straka and Stokes 
(1959) observed that the death rate of Pseudomonas 
fluorescens was slowest at -29°C and fastest at -7°C. Death 
and/or injury can occur even at temperatures of 0°C and 
above. Patterson and Jackson (1979) reported that the 
viability of E. coli and S. aureus in the exponential growth 
phase decreased if these organisms were stored at 1 and 4°C. 
Similar results were obtained with Vibrio vulnificus held at 
4°C (Oliver, 1981) and Aerobacter aerogenes at 0°C (Strange 
& Dark, ise2gssefande & Ness, 1963). 

Death or injury of bacterial cells chilled from their 
optimum growth temperatures to 4 to 0°C without actual 
freezing, is a phenomenon known as cold shock (Calcott, 
1978; Oliver, 1981). Several factors have been implicated in 
survival of bacteria during cold shock; including: *growth 
temperature, growth phase, ionic strength and species of 
salts in the cell diltent, concentration: of enue rate of 
chilling, period of storage, plating medium and repair of 
damage®causea’ by#cold shock” (Ol?very 1981). Bacterial celis 


are only susceptible to cold shock when they are in the 
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exponential phase of growth, and injury only occurs when 
¢ellstareachilledtrapidly (Calcott, 1978;wStrange &rDark; 
1962). Injury results from apparent damage to the 
permeability barriers of the cell membrane and cell wall 
(Calcote, 14978). 

In general, bacterial cells in the exponential growth 
phase are more susceptible to injury at low storage 
temperatures than cells in the stationary phase (Calcott, 
1978: Patterson & Jackson, 1979; Postgate & Hunter, 1961). 
This difference in susceptibility is probably caused by the 
fact that cells in the exponential phase are multiplying and 
their structural and functional macromolecules are being 
Synthesised, assembled or reorganised. Consequently, they 
are more susceptible to damaging conditions. On the other 
hand, cells in the stationary phase are more stable and 
therefore not as vulnerable (Ray & Speck, 1973). 

The rates of freezing and thawing markedly affect 
Survival of bacterial cells. Less damage occurs with a slow 
rate of freezing and a rapid rate of thawing (Calcott, 1978; 
Postgate & Hunter, 1961; Ray & Speck, 1973). Repeated 
freezing and thawing increases bacterial death, while the 
percentage of nonlethally injured cells among the survivors 
remains constant (Ray & Speck, 1973). 

Survival of bacterial cells during freezing and frozen 
storage may also be affected by pH. Lactic streptococci 
survived freezing and frozen storage better at pH 7.0 than 


at jpHir5 200 tE vecoltimand \P. *fluomescens* frozen in meatcéextract 
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between pH 5.0 and 8.0 survived better between pH+6.0cand 
7.0 than at either of the extremes. This was more pronounced 
at higher temperatures of frozen storage (-7°C) than at 
lower temperatures (-30°C) (Ray & Speck, 1973). 

The length of storage time of bacterial cultures is 
directly related to the amount of death that occurs (Ray & 
Speck, 1973). Straka and Stokes (1959) observed that death 
of cultures of P. ovalis, increased, over a 19-day period, 
Ereme22¢ percent, topo3apercent¢ 

The nature of the suspending medium is an important 
factor in Survival or death of the cells. Distilled water 
and NaCl were reported to be highly lethal in the freezing 
and thawing of bacterial suspensions. Addition of glycerol 
to the suspending medium gave some protection to the cells 
(Postgate & Hunter, 1961). Phosphate added with NaCl to the 
Suspending medium gave some protection to cultures of E., 
coli and A. aerogenes (Ray & Speck, 1973). A. aerogenes 
grown in a defined medium was highly susceptible to 
chilling, but it was more resistant when grown in a tryptic 
meat broth (Strange and Ness, 1963). In contrast, Postgate 
and Hunter (1961) reported extensive death of A. aerogenes 
eulturésfthatiweresfrozen inatrypticémeati broth.+Es cold; 
however, was found to be almost completely resistant to the 
effects of chilling in both the defined medium and the 
tryptic meat broth (Strange & Ness, 1963). 

This protective effect in some media is attributed to 


cryoprotective agents in the suspending medium. Frozen meat 
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contains cryoprotective agents, which include proteins, 
Simple and complex carbohydrates and triglycerides (Mackey 
et al., 1980). Meat also contains compounds which reduce the 
resistance of bacterial cells to freezing. These include 
ions, inorganic salts, acids, surface active components and 
certain enzymes such as lysozyme and proteases (Speck & Ray, 
1977). Some proteolytic and nucleolytic enzymes which are 
usually present in the bacterial cell in a latent form 
(Calcott, 1978), are activated during freezing and storage 
(Ray & Speck, 1973). 

The mechanism of the protective effect against freezing 
death is not clear, however, hydrogen bonding was reported 
to be important (Calcott, 1978). Protection against damage 
from frozen storage occurs either by eliminating the action 
of toxic substances from the external environment or by 
increaSing the resistance of the sites on the bacterial cell 
that are sensitive to the toxic agents. Similarly, the 
mechanism of injury caused by cold and frozen storage is not 
clear. It is believed that injury and death are the result 
of ice crystal formation internally or externally depending 
on the rate of freezing and the length of storage. If the 
rate of freezing is rapid, internal freezing of the water in 
the cell takes place and small, unstable ice crystals are 
formed. Recrystallization of these ice crystals due to 
fluctuations in temperature during frozen storage causes 
death of bacterial cells. The ice crystals that are formed 


destroy the membrane components of the cell. If the rate of 
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freezing is slow, all extractable water is removed from the 
cell cytoplasm and freezes externally. Thus, damage is 
caused by dehydration (Calcott, 1978). Death by frozen 
storage may result from prolonged exposure to the 
extracellular and intracellular solutes which become 
concentrated when ice separates during freezing. This is 
called osmotic shock. 

Bacterial cells are not lysed by freezing and thawing, 
but there is marked leakage of cellular material. The 
materials that leak from the cells include low molecular 
weight bases and nucleotides, amino acids and small peptides 
(Calcott, 1978; Moss & Speck, 1966). Peptides released are 
biologically active. They protect the cells from the lethal 
effects of freezing as well as aiding them in the repair of 
nonlethal injury (Moss & Speck, 1966). Compounds leaked from 
frozen cells may be different to those leaked from rapidly 
chilled cells. The viability of bacterial cells is related 
to the nature of the leakage products, rather than the 
amount of leakage that occurs. 

Freezing and thawing are not mutagenic, but frozen 
bacterial cells show increased sensitivity to the effects of 
ultra-violet light and to°sunlight. The rate of mutation is 
in@reased: Sensitivity to UV light is more pronounced in the 


presence of oxygen (Calcott, 1978). 
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IV. MATERIALS AND METHODS 


Bacterial Cultures 

Five bacterial cultures were used in this study. Three 
were freeze-dried cultures from the American Type Culture 
Collection (ATCC): Escherichia coli ATCC 11775, Klebsiella 
pneumoniae ATCC 13883 and K. oxytoca ATCC 13182; and two 
cultures were previously isolated from meat: K. pneumoniae 
Pesand_ Key oxylocary 17:65’. 

All five cultures were maintained on nutrient agar 
Slants and stored at 4°C. Once every month the cultures were 
checked for purity by growing three successive subcultures 
in nutrient broth and then streaking them onto tryptic soy 
agar plates. A colony from each culture was used to 
inoculate a fresh nutrient agar slant and their biochemical 
characteristics were checked using the BBL Minitek enteric 
System incubated at 35°C for 18 h, with the following 
biochemical discs: nitrate without dextrose, phenylalanine, 
hydrogen sulfide/indole, Voges-Proskauer, citrate, ONPG, 
urea, lysine, arginine, ornithine, dextrose, malonate, 
adonitol, arabinose, inositol, raffinose, sorbitol, lactose, 
rhamnose, sucrose (BBL, Becton-Dickinson Mississauga, 


Canada): 
Preparation of Cultures 
Various characteristics of the bacterial cultures were 


studied including: coliform reaction, ability to produce 
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indole from tryptophan, ability to ferment glucose, lactose 
and sucrose on triple sugar iron (TSI) agar slants, and 
growth rates. In addition, the effects of low temperature 
storage on suspensions of pure cultures and on cultures 
inoculated into ground beef of normal pH (5.5) and higher pH 


levels were studied. 


Coliform and Indole Tests. All five stock cultures were 
tested for coliform and faecal coliform reaction. The 
cultures were inoculated into EC broth (Difco) containing 
inverted Durham tubes and incubated at 35 and 44.5°C for 

48 h. Those organisms that failed to grow or produce gas at 
44,5°C were tested at lower temperatures, to determine the 
maximum temperature at which gas production occurred. 
Similar studies were conducted for indole production from 
tryptophan by E. co/i and the K. oxytoca isolates. Tubes of 
tryptic soy broth (Difco) were inoculated and incubated at 
35°C and at elevated temperatures for 48 h to determine the 
maximum temperature at which indole was produced. Kovac's 
reagent was used to detect indole production (MacFaddin, 


195%). 


Determination of Growth Curves. Throughout this study, the 
test cultures were used in the late log, early stationary 
phase of growth. Growth curves were determined in nutrient 
broth (NB, Difco) at 35°C in a shaking incubator (New 


Brunswick Scientific Co., Inc.) at 200 rpm. A 1 ml aliquot 
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of an 18 to 24 h culture of the test organism was added to 
99 ml of NB in an Erlenmeyer flask and incubated as stated 
above. Samples were taken at 30 min intervals for 7 h. 
Samples were serially diluted in 99 ml of 0.1 percent (w/v) 
peptone water blanks and surface plated in triplicate onto 
Standard plate count agar (SPC, Difco). The SPC plates were 
incubated at 35°C for 18 to 24 h before counting. The 
increase in the log number of cfu/ml with time was plotted, 
and a time interval in the log phase of growth was selected 


for determining the generation time. 


Experiments with Test Cultures Stored in Different Broths 
Four different broths were used in this study: tryptic 
soy broth (TSB, Difco), one-tenth the normal strength of TSB 
(10%TSB), NB and Cooked Meat Medium. Five ml of each broth 
were inoculated with 0.05 ml of culture to give 
approximately 10° to 10’ cfu/ml. In the case of cooked meat 
medium, 10 ml were inoculated to facilitate pipetting. The 
inoculated broths were incubated at 35°C for 6 h and stored 
at 10, 4, and -16+2°C (commercial grade of freezer) for 7 
days. Initial samples were taken before storage (day 0) and 
on days 3 and 7. Separate samples were used for analysis on 
each of the different days. Samples were serially diluted in 
99 ml of 0.85 percent (w/v) saline dilution blanks. Here, 
and in the experiments following, saline dilution blanks 
were used instead of peptone blanks to avoid any influence 


that the peptone might have on the survival of the test 
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cultures. Frozen samples sapere fawee by holding for 
approximately 3 min under lukewarm (22°C) flowing water. A 
0.1 ml aliquot of appropriate dilutions was surface plated 
in triplicate onto prepoured selective and nonselective 
media (Difco) including tryptic soy agar (TSA), violet red 
bile agar (VRBA) with a 5 ml VRBA overlay, TSA incubated for 
2h at 35°C for repair of the cells, then overlayered with 
12 ml VRBA (TSA/VRBA) (Speck et a]., 1975) and tryptone bile 
agar (TBA) (Anderson & Baird-Parker, 1975). The plates were 
incubated at 35°C and enumerated after 18 to 24 h. 

TSA was used to meaSure the total number of Survivors. 
Three to 5 colonies were selected from the TSA plates for 
further biochemical studies. These colonies were selected on 
the basis of different morphological appearance (size) or at 
random. VRBA was used to measure the number of uninjured 
Survivors. Typical colonies are purplish-red in colour and 
produce a ring of bile precipitate. Three to 5 colonies were 
selected for further biochemical studies based on size 
and/or the degree of bile precipitation. TSA/VRBA was used 
to measure the number of injured cells capable of repair. 
The inoculum was plated onto TSA and incubated at 35°C for 
2 h after which it was overlayered with 12 ml of VRBA and 
incubated at 35°C for 18 to 24 h. Colonies on this medium 
are purplish-red in colour and have a faint bile | 
precipitate. Three to 5 colonies were selected on the basis 
of size or at random for further biochemical studies. TBA 


was used to screen cells for indole production. This medium 
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has the following composition: Tryptone 2.0 g, Bile Salts 
Gol 5igzevAgarr il ?Saq7ad00nmlidistilledwwater. 

The procedure proposed by Anderson and Baird-Parker 
(1975) was modified by plating directly onto TBA instead of 
using cellulose acetate filter membranes (Bueschkens, 1982). 
Inoculated plates were incubated at 35°C for 18 to 24 h. 
Colonies grown onto the TBA plates were replica-plated onto 
new TBA plates uSing sterile 12.5 cm Whatman #1 filter 
paper. Both the original and the replica plates were 
bncubatedsat £35°Cafory24aheeAiteudincubation; the ioriginal 
plates were flooded with TBA reagent of the following 
composition: 2.0 g p-dimethylaminobenzaldehyde, 92.0 ml 
distilled water, 8.0 ml concentrated HCl. After 
approximately 1 minute, the excess reagent was drained off 
and the plates were examined against a black background. 
Colonies that were indole positive were stained reddish-pink 
in colour, while indole negative colonies were stained a 
white-yellow colour. For satisfactory results, it was 
necessary that the colonies on the plates were well 
Separated. Any indole negative colonies were selected from 
the corresponding replica plates for further biochemical 
studies. 

Selected biochemical characteristics that distinguish 
E. coli from K. pneumoniae (sensu lato) and K. pneumoniae 
from Enterobacter spp., were examined for any changes caused 
by low temperature storage. The following characteristics 


were studied: glucose, lactose and sucrose fermentation, as 
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well as H2S production on TSI agar slants, motility on 

motility agar (MacFaddin, 1981), growth in EC broth with gas 
production at 35 and 44.5°C and indole production in tryptic 
soy broth at 35 and 44.5°C. All tests were incubated at 35°C 


for 24 h, unless elevated temperature was also indicated. 


Experiments with Test Cultures Stored in Raw Ground Beef 

AgOcd, mina laquotTes£ any 18-24-h;culture ofsthestest 
organism in NB was subcultured into 10 ml NB and incubated 
atacoe® forecaheto givena cei ledensityoofat0sptox 10Axcftu/ml. 
The cells were centrifuged at 1000 x g for 10 min ina 
centrifuge (Heraeus Christ Labofuge 6000), washed once with 
1 ml of 0.85 percent saline solution and resuspended in 1 ml 
for use in the experiment. 

Approximately 250 g of fresh, commercially prepared 
ground beef (30 percent fat) was divided into 10-g portions. 
A set of uninoculated 10-g samples was prepared as controls. 
Each of the remaining 10-g samples was inoculated with 0.1 
ml of a prepared cell suspension to give 10’ to 10% cfu/g of 
ground beef. The inoculum was mixed thoroughly into each 
sample, using a sterile spatula. All samples were placed in 
separate bags for storage. The inoculated and uninoculated 
samples were divided into 3 groups for storage at 4, -—16+2°, 
and -40°C (biological storage freezer, Forma Scientific) for 
Yipwbo 7 days. samples stored ac 2°Cu were sampledgon 0,ine2, 
3 and 7 days of storage. Samples stored at -16 and -40°C 


were sampled on 0, 3 and 7 days of storage. 
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The inoculated and uninoculated ground beef samples 
from each of the three storage temperatures were blended 
with 90 ml of 0.85 percent saline in a Colworth Stomacher 
Lab-Blender 400. Serial dilutions of each sample were 
prepared and appropriate dilutions were inoculated in 
duplicate onto the following selective and nonselective 
media: TSA, VRBA, TSA/VRBA, aS described for the previous 
experiment, and onto TBA for E. coli and K. oxytoca 
organisms, and MacConkey Inositol Carbenicillin (MCIC) agar 
(Bagley & Seidler, 1978a) for K. pneumoniae and K. oxytoca. 
MCIC consists of 40 g MacConkey agar base, 10 g inositol, in 
1000 ml distilled water. After autoclaving and cooling to 
45°C, 0.5 g carbenicillin ("Pyopen", Ayerst Laboratories, 
Montreal, Canada) was added to the medium. Its specificity 
is based on the ability of virtually all Klebsie/lia cultures 
to ferment inositol and their high resistance to the 
antibiotic, carbenicillin. Plates were surface spread and 
incubated at 35°C for 18 to 24 h. Klebsiella cultures on 
this medium are a pink colour. Colonies were selected from 
the various plates and checked for phenotypic variants as 
described earlier for the broth cultures. The pH of the meat 
was also recorded on each day. All analyses were done in 


triplicate. 
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Effect of pH on Survival of Test Cultures Stored in Ground 
Beef and Broths | 

For inoculation of the ground beef, 25 ml of NB ina 
125 ml Erlenmeyer flask was inoculated with 0.25 ml of an 18 
to 24 h culture and incubated at 35°C for 6 h. Approximately 
1.25 kg of fresh, commercially prepared ground beef (30 
percent fat) was divided into three 200-g portions, and two 
250-g portions. An 11-g sample was kept uninoculated from 
each portion as a control, and one of each of the three 
200-g portions was adjusted to pH 5.5, 6.0 and 6.5 using 1N 
NH,OH. Each portion was subdivided into 60-g portions, each 
of which was inoculated with 0.6 ml of prepared culture. The 
inoculum was mixed thoroughly into each portion using a food 
mixer. The 60-g portions were further subdivided into 11-g 
samples and placed in separate stomacher bags for storage. 
Inoculated and uninoculated samples were stored at 4°C for 
up to (3tdays? 

One of the 250-g portions was vacuum packaged, (degree 
of vacuum, 0.90 atm.) using a Multivac AG500; the other was 
stored in an aerobic package, and both held at 10°C for 24h 
before further treatment. After 24 h, 11-g samples were 
taken as uninoculated controls, and the rest of the 250-g 
portion was inoculated with 0.6 ml of inoculum as described 
above. Each portion was subdivided into 11-9 samples LOG 
storage in stomacher bags at 4°C for up-to 3 days. Samples 
wereitaken) fonsanalysis initialdyi;(day 0) and after 1, 2-and 


3, days of storage. 
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Each day, inoculated and uninoculated samples were 
blended with 99 ml of 0.85 percent saline in a Colworth 
Stomacher Lab-Blender 400. Serial dilutions of each sample 
were prepared using 99 ml dilution blanks and appropriate 
dilutions were inoculated in duplicate onto the following 
media: TSA/VRBA and VRBA, for E. coli cultures; and TSA/VRBA 
and MCIC for K. pneumoniae and K. oxytoca cultures. Plates 
were incubated at 35°C for 18-24 h. The pH of all samples 
was recorded on each day. 

Fesebroth inoculation, 10 mil of NB was inoculated with 
OL 1 miWetranits<244hieultunecandpineubatedvat 35°C for 6h. 
Tubes containing 10 ml of TSB or NB were adjusted to pH 5.5, 
6.0 and 6.5 with 1N NaOH. All tubes were inoculated with 0.1 
ml of the prepared culture and stored at 4°C for up to 3 
days. Samples were taken initially (day 0) and after 1, 2 
and 3 days of storage. Samples were serially diluted in 99 
ml dilution blanks D ahapprepamae dilutions were inoculated 
in duplicate onto media as described above for the beef 
samples. The pH of all samples was recorded on each day. All 


analyses were done in triplicate. 
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V. RESULTS 


Minitek and IMViC Results 

The biochemical characteristics of the five test 
cultures were determined uSing the BBL Minitek enteric 
identification system. The results for the biochemical data 
are shown in Table 2. The biochemical characteristics of the 
test cultures were monitored throughout the study. No 
changes in biochemical characteristics of the stock cultures 
were recorded, 

The IMViC (Indole production, Methyl red, 
Voges-Proskauer and Citrate as the sole source of carbon) 
reactions were also determined for each of the test 
cultures. The results are shown in Table 3. The atypical 
IMViC reaction for K. pneumoniae ATCC 13883 has also been 


reported by other researchers (Bagley & Seidler, 1977). 


Coliform and Indole Tests 

The results for the coliform and indole tests are shown 
in’ Table. 4. All cultures produced gas in EC broth at 35°C 
within 48 h. Only E. coli ATCC 11775 and K. pneumoniae #2 
were faecal coliforms, capable of producing gas in EC broth 
at 44.5°C within 48 h. K. pneumoniae ATCC 13883, K. oxytoca 
ATCC. 13182 ancun (Oxy loca #1] oomvanred ini the maximum 
temperature at which cultures could grow and produce gas in 
lactose (EC) medium. They produced gas at 38, 42 and 43°C, 
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TABLE 2. Biochemical Reactions of the Test Cultures Based on 
the Minitek Enteric Identification System 


Biochemical Test Cultures’ 
Discs 

1 2 3 S 5 
Nitrate Reductase ~ + - + + 
Phenylalanine - = z a = 
H2S - - = bs a 
Indole - - = + - 
Voges-Proskauer a - + + es 
Citrate _ > irs a i 
ONPG + ae a: + oe 
Drea - + ny a *s 
Lysine - + + = e 
Arginine - = a = ES 
Ornithine + - = a Ls 
Dextrose without Nitrate + “ + + + 
Malonate - os ee a a 
Adonitol - + = ip 
Arabinose + + ~ + + 
Inositol - + + + . 
Raffinose - ~ + + nt 
SoEbiroL + + ~ + + 
Lactose a of + + + 
Rhamnose + Ee + + + 
Sucrose ~ a3 s + + 


ExaCOlt ATCe: 117757) 2 K. pneumoniae ATCC 13883; 
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3 = K. pneumoniae #2; 4 WewOxVFOCa ATCC 131827 


SD =uh BOxVieoca #1769 
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TABLE 3. IMViC Reactions of the Test Cultures 


Organisms 
EemiGol 
ATCO 725 


K. pneumoniae 
ATEC 13883 


K. pneumoniae 
#2 


K. oxytoca 
BECce #13 182 


K. oxytoca 
#1765 


Indole 


Methyl red Voges-Proskauer 
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TABLE 4. Maximum Temperatures for Gas Production from 
Lactose and Indole Production from Tryptophan by Test 
Cultures 


Gas Production Indole Production 
Elevated Elevated 
Temperature Temperature 
bo" < 44,5°C 352¢ 44.,5°C 
ERACOL] 
APEE GaA7z7s + + a ay 
K. pneumoniae 
ATCC 13883 + % = = 
K,. pneumoniae 
#2 + + - - 
kK. oxytoca 
BTECIMsitoz + = + + 


K. oxytoca 
#1765 + a = “ 
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tryptophan: up to 44.5°C..K. oxytoca ATCC 13182 and meat 


strain’ #1765 also produced indole up to 44.5°C. 


Determination of Growth Curves 
The growth rate constant and generation time at 35°C 


were calculated using the following equations: 


logioNz - logion, 
Grovrhe rare, COnstent.=10 =. —— 
Oe S0ncxint 
Generation time = 1/k 


where: n, number of cells at time t, 
Nz = number of cells at a later time, 


ttzelength offrtimesdéirom na toenze(minutes). 


E. coli ATCC 11775 had a generation time of 28 min, K. 
pneumoniae ATCC 13883 and K. oxytoca ATCC 13182, 25 min and 
the two meat isolates, K. pneumoniae #2 and K. oxytoca #1765 
had generation times of 17 and 20 min, respectively. All 
cultures reached late log, early stationary phase in 6h, 
when grown in NB and had a cell density of 1x10° to 2x10° 
cfu/ml, with the exception of K. pneumoniae ATCC 13883 which 


had a cell density of 6x10* cfu/ml. 


Survival of Test Cultures Stored in Different Broths 

This experiment was a pilot study to determine the 
effect of time and temperature of storage on survival of the 
testi cultures:wEt) co] j-ATCC’ 14775) Ks» pneumoniaeeaATCC 13883 


and meat strain #2 and K. oxytoca #1765 were stored in 
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broths of differing nutrient composition (TSB, 10%TSB, NB 
and Cooked Meat Medium) at different storage temperatures 
(her 2 and -169C) storsuperc vy -days. Survival. of (the 
Organisms waS measured by plating onto nonselective (TSA), 
selective (VRBA) and "repair" media (TSA/VRBA). The data for 
the log number of survivors of each organism under each 
condition of storage are shown in Tables 5 to 8. 

Storage temperature and suspending medium had a marked 
effect on survival of the test cultures. At 10 and 4°C, 
there was no marked decrease in cells. Neither was there any 
marked difference between storage at 10 and 4°C. At -16°C, 
however, there was marked death of the cells by as much as 4 
log cycles. The test cultures generally survived better in 
TSB and Cooked Meat medium than in 10%TSB and NB. This was 
especially the case at -16°C. 

Of the test cultures, E. co/]i 11775 generally survived 
better than Kiebsielia at 10 and 4°C. The exception was K. 
pneumoniae #2 which survived better in Cooked Meat medium 
than —£. co/i 11775. The meat strains K. pneumoniae #2 and K. 
oxytoca #1765 survived better in Cooked Meat medium at -16°C 
than the ATCC strains, E. coli 11775 and K. pneumoniae 
13883. K. pneumoniae ATCC 13883 was most sensitive to the 
storage conditions. Length of storage had a variable effect 
on survival of the different organisms at all storage 
temperatures. However, in general, the cultures remained 


Stationary Tromethe sora to the /thy day cf storage’. 
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TABLE 5. Survival of E. coli ATCC 11775 Stored in Different 
Suspending Media at Various Temperatures 


Survival of Cells (log cfu/ml) 


Susp. Plating Initial HOE 4°C 1G; %€ 
Media Media No. Day 3 Day 7 Day 3 Day 7 Day 3 Day 7 
10% VRBA &., 52 aso &.,30 8.42) 8.29 4.80 4.71 
TSE TA. omiog Bec 6).56 8, 56 gue. oF Lichen ears 
TSB VRBA 9.14 9.04 9.04 07 3.02 BDA, 730 

DAN, Dice FU S53 O25. 9-26 G6. 62, 6ie2 
NB VRBA St. 23 Ss 68.29 R36 G5 .4ar 45.337 
TN, sig eS) Baer 6 G55) Boagg Saal! “Sa vAé 
CM VRBA 8).,. 26 S49 -8)..G3 8.56 8,36 B16 T.,.64 
T/V Bhs oles Ap ISI 0, S83) O49 S.32 6.14 
TABLE 6. Survival of K. pneumoniae ATCC 13883 Stored in 
Different Suspending Media at Various Temperatures 
Susp., Plating, Initial HOC 4°C 1 be YC 
Media Media No. Day 33 Ray.) Tay 3 tDay “7 may 33 Way 77 
10% VRBA Gh. 1 1.693 87,495 At) F833 2895. 74 S79 
TSB T/V 8.26 8422 $6480 eae. #8 120 6.73 5.44 
TSB VRBA 8.972 S85 #8 566 Gse6 &8 9/6 GSS2 Ee SS5 
TWN, cesT 8 192 $6 483 6569 8 097 7, 2814. 87. 3356 
NB VRBA Bei 1 6A. BIE O85 77.258 Habe  §4,.894 
TWN 8.09 8 tha £612 B29 68 203 5 6h G5 483 
CM VRBA 8.67 8 osil B/ee3 8.139 78242 Bel 86 458 
T/V 8.84 B59 38 £010 8488 (8835 7561. 87, 4216 
Keyes loe., sn Tryptre.Soy broth 
NB = Nutrient broth 
CM = Cooked Meat medium 
VRBA = Violet Red Bile agar 
T/V = Tryptic Soy agar overlayered with 


Violet Red Bile agar (TSA/VRBA) 
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TABLE 7. Survival. of Kk. pneumoniae #2 Stored in Different 


Suspending Media at Various Temperatures 


Susp. Plating Initial 
No. 


Media 
10% 
TSB 
TSB 


NB 


CM 


Media 


VRBA 
eM 


VRBA 
T/V 


VRBA 
SON 


VRBA 
THAW, 


\O © 
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TABLE 8. Survival of kK. 


Suspending Media at Various Temperatures 
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Plating media also affected the apparent survival of 
the test cultures. Higher counts were obtained on the 
"repair" medium (TSA/VRBA) than on the selective medium 
(VRBA). This was especially noticeable at -16°C. 

The data were analyzed to test for differences between 
the variables using the BMDP Repeated Measures analysis of 
variance (Program P2V, Dixon & Brown, 1981). The summary of 
results for the analysis is shown in Table 9. Highly 
Significant interaction effects (P<0.05) were observed 
between storage temperature, time and broths. Significant 
individual effects of temperature, broth and time on the 
test cultures were expected, however, second and third level 
interactions were not expected. These highly significant 
interactions made the data difficult to interpret. AS a 
result, the data were partitioned to test for effects of 
temperature, suspending medium and length of storage on the 
individual organisms in an attempt to determine what factors 
were contributing to the significant interactions that were 
observed. The summary of the analysis of variance for each 
organism is shown in Table 10. 

These data indicate a marked difference in reaction to 
the storage conditions between the test cultures. K. oxytoca 
#1765 was not significantly affected by storage conditions 
and ‘time ob ‘storage. (Ff. col Li li775 was significantly 
affected (P<0.05) by storage temperature and time. There was 
a significant interaction effect between time and 


temperature of storage of E. coli 11775 which could be 
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TABLE 9. Analysis of Variance for Effect of Storage 


Conditions on Survival of Test Cultures 


Sourceof.Varwvation 


Organism 


(O) 


Storage -proths (L) 


Temperature 


Days 


(T) 


(D) 


Probability (P) 


<0% 
<0. 
<0% 


0001 
0001 
0001 


20538 
0046 
.0001 


.0001 


.0003 
.0001 
~0001 
sho, 
- 0041 
0004 


TABLE 10. Summary of Analyses of Variance for Effect of 
Storage Conditions and Time of Storage on Survival of 


Separate Test Cultures 


Source,of,.-Vartlation 


Storage breth (GL) 0.0742 
Temperature ai, 0.0081 
Days (D) 0.0005 
DL 025732 
DT 0.0005 

‘Key: 1 = £. coli ATCC 11775, 


(os) 
I 


K. pneumoniae #2, 


Z 


“ 


Test Cultures' 


2 


3 


Probability (P) 


0.0056 
0.0009 


<0.0001 


ORS 258 
<0.0001 


0205.19 
0.0734 


020327 


Oe Sood 
0.0250 


ye) 


-0832 
<2o09 


SOs, 


~3144 
ets 


60 


K. pneumoniae ATCC 13883, 
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attributed to the organism surviving well on all media at 10 
and 4°C, as well as on TSB and Cooked Meat medium at -16°C, 
Dut dying in 1O%TSBeand) NE at -16°C. Similarly, time and 
temperature of storage had a significant interaction effect 
(P<0.05) for K. pneumoniae 13883 and #2. This effect could 
also be attributed to the poor survival of these organisms 
at Bloetein FOSTSBR and“Ne. This is illustrated linkkvgure’ A 
for K. pneumoniae 13883 when grown on VRBA. 

Death at -16°C, especially cultures stored in 10%TSB 
and NB, was much greater for the first three days than the 
last four days of storage. For most of the test cultures in 
10%TSB and NB a 2 to 4 log decrease was frequently observed 
during the first 3 days of storage and minimal changes 
during thevfollowing 4.daysor ‘storage. Similarly, for E. 
co]i 11775 and K. pneumoniae 13883 in TSB and Cooked Meat 
medium, there waS a 1 to 2 log decrease after 3 days 
storage. Table 11 Summarizes the descending order in which 
different broths supported survival of the test cultures. 
This was determined by comparing the log differences in cell 
numbers at each day of storage with the initial day 0 
population for each broth. TSB was always among the better 
broths for survival of the cells, while 10%TSB was generally 
one of the poorer broths. However, the relative position of 
NB and Cooked Meat medium changed markedly with Ren eens 
of storage. This was particularly noticeable with Cooked 
Meat medium which was generally the poorest medium at 10 and 
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TABLE 11. Summary of the Rank Order of the Protective Effect 
Attributed to Suspending Medium During Storage of Cells at 
Various Temperatures 


Storage Rank OrdersofeSurvivalo in iBroths" 
Temperature 
1 2 3 4 
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K. oxytoca #1765 
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At the same time that the survival studies were done, 
isolates were picked from the plating media to detect 
phenotypic changes in the cells. Colonies were picked from 
TSA, TSA/VRBA and VRBA plates based on morphological 
differences such as colony size and the extent of bile 
precipitation on TSA/VRBA and VRBA plates; or, if no 
morphologically different colonies were observed, 3 colonies 
were picked at random from the plates. Colonies were also 
picked from TBA plates by replica plating, and based on the 
loss of indole producing characteristic on this medium. Of 
EneuLour Ocgantsms used, £4°cOlq ATCC 11775 and K: 
pneumoniae #2 are faecal coliforms, K. pneumoniae ATCC 13883 
and K. oxytoca #1765 are non-faecal coliforms. The maximum 
temperature at which K. pneumoniae 13883 and K. oxytoca 
#1765 produced gas from lactose was 38° and 43°C, 
respectively. 

Temporary and permanent variants were obtained for the 
four organisms from various combinations of the suspending 
broths and the plating media at the three storage 
temperatures. These variants were negative for gas 
production from lactose at 44.5°C or at the maximum 
temperature. K. oxytoca #1765 also produced variants that 
were negative for indole production from tryptophan at 43°C. 
A summary of the temporary and permanent variants detected 
for each organism under the storage conditions is shown in 


Table 12. 
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TABLE 12. Percent of Temporary and Permanent Variants 
Detected when Test Cultures were Stored in Different Broths 
at Various Temperatures 


Percent of Variants Detected' 


Lactose (gas) Indole 
Organism Temporary Permanent Temporary Permanent 
eC O it 
/ lk lea ath a bl 4.7 = = = 
K, pneumoniae 
ATCC) 13363 330 Lead NT NT 
K. pneumoniae 
#2 2 UAE) = NT NT 
kK. oxytoca 
#1765 20'..0 200) Or) 45.5 


‘Variants were detected at the elevated temperature 
of 44.5°C or at the maximum temperature for the organism. 


Key: Lactose (gas) lactose fermented with gas production 


no variants detected 


NT = not tested for that,characteristic 
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Ay total of 244 colonies of &. coOmMMATC@E117754was 
selected. Of the 214 colonies, 10 (4.7 percent) temporary 
variants were detected on the 3rd day of storage. The 
variants were obtained at all storage temperatures, from a 
variety of the suspending broths and from both TSA and 
TSA/VRBA plates. No variants were detected on the 7th day of 
storage. After subculturing in NB for 3 consecutive days, 
all variants regained their original biochemical 
characteristics. 

A total of 181 colonies of K. pneumoniae ATCC 13883 was 
selected. Variants were detected among isolates from both 
the 3rd and 7th days of storage. Of the 181 colonies, 60 (33 
percent) temporary variants were detected at all of the 
Storage temperatures used. They were isolated from all of 
the suspending broths and from TSA, VRBA and TSA/VRBA 
plating media. Four of the variants gave questionable 
reactions in TSI, producing an orange colour throughout the 
medium, instead of the yellow colour that indicates acid 
production from the fermentable carbohydrates. After 
subculturing in NB for 3 consecutive days, only 3 (1.7 
percent) permanent variants were detected. These 3 variants 
were detected on the 3rd day of storage and were negative 
for gas from lactose at 38°C. One variant was obtained from 
the culture stored in Cooked Meat medium at 4°C ana plated 
on VRBA; the other 2 were obtained from cultures stored in 
10%TSB and Cooked Meat medium at -16°C, and plated on 


TSA/VRBA and VRBA, respectively. 
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A total of 147 colonies of K. pneumoniae #2 was 
selected. Of the 147 colonies, 2 (1.4 percent) variants were 
detected from cultures stored in 10%TSB and NB at -16°C on 
the 3rd day of storage, and plated onto TSA/VRBA. On the 7th 
day of storage, 12 (8.2 percent) variants were detected from 
cultures stored in each of the liquid media and plated onto 
TSA/VRBA. All the variants were negative for gas from 
lactose at 44.5°C, except one, which gave an alkaline 
reaction on TSI agar slants. After subculturing in NB for 3 
consecutive days, all variants regained their original 
biochemical characteristics. 

A total of 156 colonies of K. oxytoca #1765 was 
selected. Temporary and permanent variants were detected on 
both the 3rd and 7th days of storage. Of the 156 colonies, 
109 temporary variants (70 percent) were detected that were 
negative for the production of indole from tryptophan at 
43°C; 31 (20 percent) were detected that were negative for 
the production of gas from lactose fermentation at 43°C. 
These variants were obtained from various combinations of 
the suspending broths and the plating media at the three 
storage temperatures. After Subculturing in NB for three 
consecutive days, 71 variants (45.5 percent) remained 
negative for the production of indole from tryptophan and 31 
variants (20 percent) remained negative for gas production 
from lactose fermentation at 43°C. Among the temporary and 
permant variants detected, some were negative for both 


characteristics. 
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Survival of Test Cultures Stored in Ground Beef 

In the previous experiment, the test cultures grew 
Slowly when stored at 10°C, and no marked differences were 
observed between storage at 10 and 4°C. In contrast, marked 
differences in survival of the cells were observed when the 
organisms were stored at -16°C. In this experiment, the test 
cultures were stored in ground beef. Storage temperatures of 
4 and -16°C were retained, and -40°C was included. Storage 
at -40°C was selected to simulate commercial conditions for 
frozen storage of foods. In addition, a reference strain of 
K. oxytoca, ATCC 13182 was included, increasing the number 
of test cultures to five. Survival of the organisms was 
measured by plating onto TSA, VRBA, TSA/VRBA and MCIC after 
3 and 7 days storage at the selected storage temperatures. 

In the early stages of this study, it was observed that 
at 4°C, by the 3rd day of storage, there was usually a 1 log 
decrease in the population of the test cultures. As a 
result, survival of cells on each day of storage at 4°C was 
tested up to day 3. This experiment includes observations 
for samples stored at 4°C on the initial day and on days 1, 
2, 3 and 7 of storage. At -16 and -40°C, observations were 
made initially and on days 3 and 7 of storage. The log data 
for survival of each organism, under each condition of 
storage, are shown in Tables 13 and 14. Storage ae 4°C in 
meat had a marked effect on survival of the organisms 
compared to storage at -16 and -40°C. The Klebsiella 


cultures stored at 4°C decreased by as much as 1 log cycle 
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TABLE 13. Survival of the Test Cultures Stored in Ground 
Beef at 4°C for 7 Days 


Survival of Cells! 


Plating Initial (hog -éfu/g) 

Organism Media Count Dayne lave ec Day ao!) Oa ya? 
Em Coll VRBA Ue (EAP e 6.99 6.88 652 
APCEITE? 75 T/V 7.40 S33 BERS DOS GaG7 
K. pneumoniae  VRBA 7.14 BV AIShS) 6.81 E150 5t8s 
hace 13083 £7 7.24 7.14 7.04 6.84 ured ge: 
K,. pneumoniae VRBA 6.98 6.93 6.77 6.69 5.80 
#2 TLV 7.04 TEOG 7.05 6.69 6.80 
K. oxytoca VRBA 629 Ga92 6.63 6. 35 5248 
ATCC W342 T/N TOO G95 Se 6558 6.09 
K. oxytoca VRBA 6.91 626.) Sie oe 6.40 Speeds) 
#1765 TAY 405 “tO2 6.80 6258 Seite) 


TABLE 14. Survival of Test Cu/tures Stored in Ground Beef at 
-16 and -40°C for 7 Days 


Plating Initiad hema @ =4:0.°C 
Organism Media Count Day t3wabay 57 Day 3 Day 7 
ERtcowl VRBA TU3a 6.91 Ge77 AaG2 7005 
ECC ALO TH 7.64 7.34 720 Teo Toes 
K. pneumoniae  VRBA 7.04 6.86 6.44 bee 6.68 
ATEETISSSES TAY TRANS 7.06 702 7.04 e206 
K. oxytoca VRBA OFS 1 6.93 Cia 6.80 6.03 
#1765 nV. TO TOs 6.97 dee Od 6.84 
Key: VRBA Violet Red Bile agar 


Tryptic Soy agar overlayered with 
Violet Red Bile agar (TSA/VRBA) 


DAV. 


'The concentration of the test organisms used to inoculate 
the ground beef was sufficiently high to outgrow the natural 
meat flora. As a result, virtually pure cultures were 
obtained. The numbers of colony forming units recorded in 
the Tables, therefore, represent the test cultures. 
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by Hthe |7thSdaysof storageysFor £.Vcolipcthesdecrease was 
Hesouchan ) hogveyclembyaday, 7. In contrast,;) less than 1 log 
cycle of the population died when stored at -16 and -40°C. 
Chere Organisms) testedeat.- 16Pandar40¢¢cy EPiCco)] i ATCC’ 11775 
Survived better at -40 than at -16°C, while K. pneumoniae 
ATCC 13883 and meat strain’ K. oxytoca #1765 survived better 
ace i167. 

The data were statistically analysed to test for 
Significant differences between the variables. A Repeated 
Measures analysis of variance of the data for storage of the 
5 organisms at 4°C gave significantly high interaction 
effects (P<0.05) between storage broths, temperature and 
time, Similar to the previous experiment. AS a result, the 
data were more closely examined in an attempt to determine 
the cause of these effects by plotting the log of the mean 
cell numbers against storage time. It was observed that the 
rate of decrease by the 3rd day of storage was similar for 
all the cultures. However, by the 7th day, there was a 
greater decrease with the Kjebsie/]/]a cultures (just over 1 
hog. cyele) Mehanywith Be (col eit. 

The data were partitioned so that statistical tests 
could be done on the 3 individual organisms stored at 4, -16 
and -40°C (Table 15). Interaction effects between the time 
and temperature of storage for K. pneumoniae ATCC 13883 and 
K. oxytoca #1765 were observed. In addition, storage time 
had a Significant effect (P<0.05) on all three organisms, 


while storage temperature was significant only for K. 
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TABLE 15. Summary of Analyses of Variance for Effect of Time 
and Temperature of Storage on Survival of Test Cultures 


(eos al K. pneumoniae K. oxytoca 
ATCGe14a775 ATCEPISEES #Ag65 


Probability (P) 


Temperature Oi, OF 20 OF C859 020025 
Replicate (R) Qa2teT ON 503 0.4676 
Days (D) C2000 0.0002 0.0015 
DT 020877 070267 0.0023 
DR 0.6706 0.8344 Os160 
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oxytoca #1765. The interaction effects between time and 
temperature of storage were more closely examined by 
plotting the data (Figure 2). These effects could be 
attributed to the poorer survival of the Klebsiella 
organisms at 4°C compared to £. coli. At 4°C by the 2nd day 
of storage, the rate of decrease was similar for all 3 
organisms. However, from the 2nd to the 7th day of storage, 
there was a marked decrease in the survival of K. pneumoniae 
ATCC 13883" and’ Ke soxytoca #1765. .s.his*was.not the case at 

= WO vanciwen4 U7. 

The daily recording of the pH values of the meat showed 
no appreciable difference from day to day. The initial pH of 
the ground beef was between 5.6 and 5.7. Between day 1 and 
day 3, the pH of the inoculated ground beef ranged between 
5.5 and 5.7. The lowest pH readings were observed on the 3rd 
day of storage, being 0.05 to 0.20 pH units lower than the 
initial reading. The highest pH was generally recorded on 
day 7 in the meats stored at 4°C, and it was usually greater 
than -or jequal to 6.10. 

Isolates were also picked to determine phenotypic 
changes in the cells under these conditions of storage. Only 
two of the test organisms were studied, FE. coli ATCC 11775 
and K. pneumoniae ATCC 13883. These studies were limited by 
the fact that the test organisms were no longer in pure 
culture, and in the case of TBA, the medium was overgrown 
with other organisms from the meat flora by the 7th day of 


storage at 4°C. 
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FIGURE 2. Survival of E. coli ATCC 11775, K. pneumoniae ATCC 
13883 and K. oxytoca #1765 in Ground Beef Stored at 4, -16 
and -40°C, and Enumerated on VRBA Medium 
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No permanent variants were obtained for E. coli 11775. 
Unlike the isolates of the broth study, all of the variants 
detected were normal for gas production from lactose, but 
they were negative for indole production from tryptophan at 
44,5°C. Temporary variants were detected at 3 and 7 days of 
storage. Of the the 55 colonies selected to test for 
biochemical variants, 42 (76 percent) were found to be 
temporary variants for indole production from tryptophan. Of 
these, 9 variants were detected at 4°C, 17 at -16°C and 16 
at -40°C. They were isolated from TSA, VRBA and TSA/VRBA 
plates. After subculturing in NB for 3 consecutive days, all 
variants regained their ability to produce indole from 
tryptophan at 44.5°C. 

A total of 73 colonies of K. pneumoniae ATCC 13883 was 
selected. Variants for gas production from lactose at the 
maximum temperature of 38°C, were obtained on the 3rd and 
7th days of storage. During this time, 14 (19 percent) of 
the isolates were found to be permanent variants. Two of 
these were obtained from cultures stored at 4°C and 6 each 
at -16 and -40°C. They were isolated from TSA, VRBA and 
TSA/VRBA plates. All of the variants remained negative for 
gas <~product bomef rom clactose rt eetigierafter ssubculturing for 


3 consecutive days in NB. 
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Survival of the Test Cultures Stored in Broths and Ground 
Beef Adjusted to Different pH Levels 

From the previous experiments, it appeared that 
Survival of the test cultures was challenged by storage in 
certain broths, and by storage at 4°C in ground beef. This 
experiment was designed to determine factors that might 
influence survival of the test cultures under these 
conditions, in particular pH of the storage medium and 
presence of the indigenous meat microflora. 

Tubes of NB and TSB were adjusted to pH 5.5, 6.0, and 
6.5 and inoculated with the test cultures. They were stored 
at, 4°C foresudays. Thesresultssare shown in Tables 16 to 20. 
Survival of the test cultures was generally similar at all 
pH levels. Plating medium influenced the number of survivors 
observed in the broths. In most cases, the “repair” medium 
(TSA/VRBA) supported the growth of more colonies than the 
selective medium (VRBA or MCIC). However, differences were 
not uSually greater than a factor of two, and trends for 
Survival on both media were generally the same. Nonetheless, 
the differences indicated that injury had occurred. During 
the 3 days of storage in broths, at the 3 pH levels, a 
Slight decrease in count was recorded for all test cultures. 

The data were analysed using the BMDP Repeated Measures 
design to test for statistically significant differences 
between the variables. The results for the analysis of 
variance are summarized in Table 21. There were highly 


Significant levels (P<0.05) of interaction between the 
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TABLE 16. Survival of E. coli ATCC 11775 Stored in NB and 
TSB Adjusted to Different pH Levels, at 4°C for 3 Days 


Survival of Cells (log cfu/ml) 
Suspending media: NB TSB 


Plating Storage time Storage time 
pH Media Day 0 Day 1 Day 2 Day 3 Day O Day 1 Day 2 Day 3 


Bad WRBA 0650 Gsm? C205 8.05 9.86 B.26 (Gas2 Saas 
TV 6.85 8422 .6.86 8.36 6.40 Gs45 6.29 826 
6.0 WRBA 0.95 “8.80 @.55 0.94 3.34 '6,22 9698 7.95 
T7V SBa2e O.47 . 8.34 6.34 O.40 O.ad 8420 Se 24 
6.5 VRBA G00 6,26 8.02 °7)..66 6.33 6.24 9.95 G70 
PIN. 6.60 ‘6.44 6.55" 6.38 8.42 8.44 6.24 8.09 


TABLE 17. Survival of K. pneumoniae ATCC 13883 Stored in NB 
and TSB Adjusted to Different pH Levels, at 4°C for 3 Days 
Suspending media: NB TSB 


Plating Storage time Storage time 
pH Media Day 0 Day 1 Day 2 Day 3 Day O Day 1 Day 2 Day 3 


oo eH C 7.88 @.55 @.59) UeZe ~.959 8.56 Fees F652 
T/V B29 814) 8% OS Salo AO Ou i Omel sc Ore t6 
6.0 MEC 0.63 8.48 8.59 G74 Ooo Wes F.3d Peis 
TV Baek pO ahOl fe S Oe mater Sees Oe eGe Mt lieG ks. Colm 
G20 "MERC a .82 9.58 8. dO Gene o,Ud @.46 7.246 6.9 
Ay S.38 6.13) 104s eal Sie Carel ono) 7 a 
Key: VRBA = Violet Red Bile agar 
MCIC = MacConkey Inositol Carbenicillin agar 
T/V = Tryptic Soy agar overlayered with 


Violet Red Bile agar (TSA/VRBA) 
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TABLE 18. Survival of K. pneumoniae #2 Stored in NB and TSB 
Adjusted to Different pH Levels, at 4°C for 3 Days 


Survival of Cells (log céiu/ml) 
Suspending media: NB TS. 


Plating Storage time Storage time 
pH Media Day 0 Day 1 Day 2 Day 3 Day O Day 1 Day 2 Day 3 


Dao? MOLEC G32 Gs2k S.da 8.05 G.40° 8.30 (6. Sea a2a¢ 
TN: C740 LSese iO ezo 96 15 O42 SO u ivi Ooo OO 
6.0), .MGEC 8.34 ~8.23 8.02 6.02 6.35. 82.41 e726 6.26 
T/V OMS Ono Or ae scl enn OO OAS WG OZ Orie Woes. S 
&. 5° MOLC 6.34 6.260 "8.06 - 4.96 8.3% G.45 8.83. 6.25 
Te SS oye eor 18 20 ae S447 POI 265 Fo Sa 16.56 


TABLE 19. Survival of K. oxytoca ACC 13182 Stored in NB and 
TSB Adjusted to Different pH Levels, at 4°C for 3 Days 
Suspending media: NB TSB 


Plating Storage time Storage time 
pH Media ‘Day @ Day 1 Day 2 Day 3)" Day 0 Day 1 Day 2 Day 3 


Sse 1 Ole 8.20 196. 11 8 S00 ieee Ore ora Or OTe Oe 1 | 
T/V 85320) S32 6 30 ee Caso) Os S25 eo. oe. bee 
6.0 —=MCIC Oe2o O.Oe 77/90 wanes Cr On tO 1 On 1871167) 16-202 
T/V G33 99335 bebe ss eae GeO) 20.566 coco 2 Oe lb 
G10) & MCLE 8.24 8.08)  TeIS ae woe Biel O @O log mies la, yO. Oe 
T/V 0.380 8 255. belo era Bed huOe SO. Once ce sig 


Key: See bottom of Table 17;,..page %o. 


(rales poi) ahiad 6 cmtvcud 
aerT | 


pats saps sete 
Veg 4 ¥ sé rey at! W ¥ MAL 


e F ; 5 Gb 8 BOs ee ik: oe ee 
a = 3 5 ae a ee m ac .6 Ae .: 
a. ge 6,8. 80s8 6008 £500 
ro { Cd ri 8 a? <2 an #£.8 
f 
- te I 
SEUR  G  By Rae or 28 Deve eee 


‘ ni beose SBIEP Doth isScme ne betas Dawt 
avEt BOT UR i ae MeN MST NA-oF 


aH sabfem onshiendte 


anit sperewe smi menses ont eo | 
ed: S Yar MOVE OP YE, 2 gee bad Di ns siete Os. 


iar 
i 
1 . y 
; é 
om “7 
1. 


: 
re 


yh Mt.8) 2t.8 Bey Se one ‘ele ) 
2 BS 664 82.8 OS5R) Oia nh i 
1.5,, 81.8) (see) /OBSY Bee bbe? 5 ogou 
3 81 BS VO Rae Bae 
ail uh oP | 2] io .S_X ae rt e.8 as ey 
; O88 “Be 8) ChigGir, - Sew Ea Tis 5 
; 2° scaq Th sider to mogsod gag.) 
eres "4 : 
al 
ur - 
z i yi 


78 


TABLE 20. Survival of K. oxytoca #1765 Stored in NB and TSB 
Adjusted to Different pH Levels, at 4°C for 3 Days 


Suspending media: 


Plating Storage time 
pH Media Day 0 Day 1 Day 2 Day 3 


Seon MCE SFO4 SAEIO 7 
TV cea kommbice alts. kc 
6.0 MCIC Lo Om Omnnt ie 
TN Sele «6 sae vas 
6.0 -MCIC HOS = Teor ih. 
T/V Oh idk ae OM hi) -s 


Key: See bottom of 


Survival of Cells (log cfu/ml) 
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TABLE 21. Analyses of Variance for Effect of pH and Broth on 
survival of Test Cultures Stored at 4°C for 3 Days 


Probability (P) 


Selective Repair 
Medium Medium 
Source of Variation (VRBA or MCIC) (TSA/VRBA) 

Organism (0) <0.0001 5 <0.0001 
Treatment (T) <0:.0001 <0.0001 
Replicate (R) <0.0001 0.0007 
OT 02004 1 0.0007 

OR <0.0001 0.01031 

TR 0.2074 0.9982 

Days (D) <0.0001 <0.0001 
DO “05000 <0.0001 

Dt <0.0001 <0. 0003 

DR O62 3 0.0158 

DOT 0.0001 <0° 000% 

DOR 0.0044 On OOFS 

DTR ORS 0.0687 
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variables; as a result, the data were partitioned into 
analyses for each of the test organisms, and the results are 
Shown in Table 22. Treatments, consisting of the two broth 
media, each adjusted to 3 pH levels, had a significant 
effect (P<0.05) on the survival of all organisms except E. 
GOrlPATCE T1775 mandehOxVtoca ATCC 13182 when it. was 
plated on the "repair" medium. Storage time (days) had a 
Significant effect on the survival of all test organisms. 
Some Significant interaction effects were recorded, however 
they were not further analysed because the reductions in the 
counts during the storage time were less than 1 log cycle, 
which makes them of little practical significance. 

The daily recording of the pH values showed changes no 
greater than 0.02 pH units. 

Before inoculation with the test cultures, the ground 
beef was subjected to different treatments. A sample of 
ground beef was divided into 5 portions; three were adjusted 
to pH 5755 6.0pmandmeeless the other Hwopwere-sstored at)10°C 
for 24 h, one under anaerobic conditions (vacuum packaged), 
the other under aerobic conditions. This was done to allow 
the growth of the natural meat microflora. All samples were 
then inoculated with the test cultures and stored at 4°C for 
3 days. The mean pH of the "vacuum packaged" beef was 5.7 
(range 5:6,.- 5.7); and of the aerobic" beef was 5.8 (range 
5.7 — Se8)cyThevdata for survival of the test cultures in 


meat under these conditions are shown in Tables 23 to 27. 
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TABLE 22. Summary of the Analyses of Variance for pH and 
Broth Effect on Survival of Separate Test Cultures 


Source of 
Variation Test Cultures 
(VRBA or MCIC) 1 2 3 4 5 


Probability (P) 


Treatment (T) OVTS3.2 0.0229 0.0008 0450 130 0.0005 
Replicate (R) 075555 0.0004 OFt226 O00 3:1 O30183 
Days (D)} MSa070GOl “<0. 00084 <0.0001 <070001 <0.0001 
DT 0.0126 Oe OI0TLE 0.3929 0.0709 0.0678 
DR OV7S47 0.0718 0.3839 OS05 71 Or 1317-4 
(TSA/VRBA) 
Tréatmentt(?) 0937 53 0.0001 0.0104 O.. 7247 0.0018 
Replicate (R) Oni2 O64 0.0005 0.0261 0.0086 0.0468 
Days (D) G20004 <0 20007 Oe C00Se) 00001 <020001 
DT Giht0O48 <0. 0001 0.3584 0.0428 OG 771 
DR 0720505 0.0693 070851 0.1592 0.0846 


Key dy PE. sCOy ie CCe 14 owe pneumoniae ATCC 13883; 


3 = K. pneumoniae #2; 4 Ke @xyvtoca ATCC 13162: 


5 = K. oxytoca #1765 
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TABLE 23. Survival of E. coli ATCC 11775 Stored in Ground 
Beef Adjusted to Different pH Levels, at 4°C for 3 Days 


Survival of ‘Cells (leg ciu/g)' 


Plating Storage Time 
pH Media Day 0 Day 1 Day 2 Day 3 
a5 VRBA Hays 6.96 Os 7 6.54 
TSA/VRBA TF ot6 Bo Wt 0405 Gr 5 
6.0 VRBA FeX6 heO0 6656 6457 
TSA/VRBA Fat Fang 6499 6 91 
Ga5 VRBA Ee t9 FeOZ 6.88 6B 
TSA/VRBA ba Bae 7.14 Pao WG 
Vacuum VRBA Rofl ow, 6.60 O25 
Packaged TSA/VRBA Fao Tavs 6499 6685 
Aerobic VRBA £07 F «tO B09 Gu iS 
TSA/VRBA Fa26 Favs Dez BeOS 


TABLE 24. Survival of K. pneumoniae ATCC 13883 Stored in 
Ground Beef Adjusted to Different pH Levels, at 4°C for 3 
Days 


Plating Storage Time 
pH Media Day 0 Day 1 Day 2 Day 3 
Si) MCIC Gx %G 6.16 SG Re 
TSA/VRBA E292 G8 Gaze See 
6.0 MCIC 6.76 6.14 Taos Sirs, 
TSA/VRBA 6.92 6.60 6.28 6.03 
Gwe MCIC 6s%5 6x 15 593 a 50 
TSA/VRBA 6.93 GG Gu35 SA ic 
Vacuum MCIC 6.62 6433 6207 D136 
Packaged TSA/VRBA 6.80 6.86 Gn 52 6.45 
Aerobic MCIC 64539 aos 6.08 rags 
TSA/VRBA Gig 6.76 6657 6.46 


‘See footnote at bottom of Table 14, page 69. 


Key: VRBA = Violet Red Bile agar 
MCIC = MacConkey Inositol Carbenicillin agar 
T/V = Tryptic Soy agar overlayered with 


Violet Red Bile agar (TSA/VRBA) 
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TABLED 25. SuUrVIVAl (CF eh. pneumoniaé #2 Stored in Ground Beef 
Adjusted to Different pH Levels, at 4°C for 3 Days 


Survival ‘of elise. (log cfu/9g)' 


Plating - Storage Time 
pH Media Day 0 Day 1 Day 2 Day 3 
aaa, MCIC x. 10 6.66 6.74 6.63 
TSA/VRBA his WS 7.04 6.91 6.62 
6.0 MCIC “25 6.68 6.66 Owe 
TSA/VRBA O29 h.07 6526 6.99 
6.5 MCIC Z.20 f mi. 02 6.97 
TSA/VRBA %.25 7 7.05 WeeahZ 
Vacuum MCIC 6.70 6.0 64.65 6.58 
Packaged TSA/VRBA n. Sil oO 6.86 6.74 
Aerobic MCIC %.O2 7.08 6.08 6.95 
TSA/VRBA b215 i<05 6.92 6,00 


TABLE 26. Survival of K. oxytoca ATCC 13182 Stored in Ground 
Beef Adjusted to Different pH Levels, at 4°C for 3 Days 


Plating Storage Time 
pH Media Day 0 Day 1 Day 2 Day 3 
eit MCIC 6.85 6.84 6.55 65.76 
TSA/VRBA 6.62 Te 2 6.95 6.94 
6.0 MCIC 6.89 6.88 6.89 6.90 
TSA/VRBA 6297) POS TOF To Oks, 
Gino MCIC 6.95 6.92 6.99 6110 
TSA/VRBA EO all TERY Be Ti eae 
Vacuum MCIC 6.82 67.8.1 6.711 6.76 
Packaged TSA/VRBA TOe 6.97 7.09 6.89 
Aerobic MCIC 6270 6.07 6.80 6.85 
TSA/VRBA 7.14 a Ue Gago 


‘See footnote at bottom of Table 14, page 69. 


Key: See bottom of Table 24, page 82. 
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TABLEs 27, Survival _Of+ Ky oxytoca #1765 Stored in Ground Beef 
Adjusted to Different pH Levels, at 4°C for 3 Days 


Survival of'Cells (log cfu/g) ' 


Plating Storage Time | 
pH Media Day 0 Day 1 Day 2 Day 3 
oie MCIC 6.54 6347 6.09 6.40 
TSA/VRBA 6587 6.72 6.67 61. 61 
6.0 MCIC 6.69 64/5 6.66 Gieo2 
TSA/VRBA 6.85 6269!) 6.86 6.74 
aie) MCIC 6.66 Gia D3 6.83 6.60 
TSA/VRBA 6.86 6292 6.98 6.81 
Vacuum MCIC 6.49 6.34 6225 6.09 
Packaged TSA/VRBA 6.68 6.59 6.36 G27 
Aerobic MCIC 6455 6.40 6.08 6.08 
TSA/VRBA 6.75 6.63 6.29 6.23 


‘See footnote at bottom of Table 14, page 69. 


Key: See bottom of Table 24, page 82. 
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From the data, it was eee eed thatirdéeathviofhre£ si.col i 
11775 and K. pneumoniae 13883 occurred during storage. The 
extent of death of K. pneumoniae meat strain #2 was less 
marked, but both of the K. oxytoca strains survived well. No 
marked differences in survival were observed as a result of 
the different pH levels. The pretreatments of vacuum 
packaging and aerobic storage had variable effects on 
Survival of the test organisms. In general, however, the 
test cultures Survived slightly better in the "aerobic" 
meats than in the "vacuum packaged" meats. Within the 3 days 
of storage, loss of viability was minimal. 

The data were statistically analysed using the BMDP 
Repeated Measures design to test for significant effect of 
the variables on survival of the organisms. From the summary 
of the analysis of variance shown in Table 28, it may be 
seen that high levels of interaction (P<0.05) were again 
observed for data from the repair medium, but not from the 
selective media. The data were partitioned to measure the 
effects of the storage treatments for each of the test 
cultures. The summary of these analyses is shown in Table 
29. In some cases, treatments gave a significant effect on 
Survival of the organisms, storage time was always 
significant ».except) for K. OxVrocarATCe. 13162 grown on the 
selective medium. There were some significant pene ene diion 
effects, notably with K. pneumoniae ATCC 13883 and K. 
oxytoca #1765. In the case of K. pneumoniae 13883, these 


interaction effects could be attributed to better survival 
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TABLE 28. Analysis of Variance for Effect of pH on Survival 


of Test Cultures Stored in Ground Beef at 4°C for 3 Days 


Selective 


Probability (P) 


Source of Variation Media 
Organism (0) <0.0001 
Treatment °(T) 0.0019 
Replicate (R) 0.92022 

OT 0.0054 
OR 0.0259 
TR 0.2784 
Days (D) <0.0001 
DO =<0.0001 
De 0.6681 
DR 070325 
DOT 0.0840 
DOR 0.4807 
DTR 0.8862 
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TABLE 29. Summary of Analyses of Variance for Effect of 
Storage of Test Cultures in Ground Beef 


Test Cultures 


Source of 


Variation 1 2 3 4 5 
(VRBA or MCIC) Probability (P) 
Treatment (T) Ore Oe 118 070585 “022756. 0.0088 
Replicate (R) O meee. 0.0529 ~+0.4169.°0.5389 0.0187 
Days (D) e&€<0200016F<050004 OunWO30E Ob432dae<080008 
DT 024547 #7 0R0237 02403 19HO. 5669) uwe0m0s78 
DR 026016 » 020536 0.6958 0.0491 0.0061 
(TSA/VRBA) 
Treatment (T) O.9900™ Meetreo.) “0.0850 0.0022 0.0042 
Replicate (R) Of 52:14) ee Ohauze>.. 0.0706.0.0306. 022570 
Days (Doe = 0- 000 1) CR OUiier=-0 20001 0.0404 “<0.0001 
me 052030 0: COG2 li 65 a0 ..007.2 GaGa 5 
DR 078722) sree 050292  0).0463 0.0094 


Keys l= Es Coll VATCC 11/7 oe ean preumoniae ATCC. 13883; 
3 = K. pneumoniae #2; Em wnemOxy TOCA ATCC 13182; 


5 = KK, Oxyloca 41/65. 
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of the organism in meats in which the natural microflora had 
been allowed to develop, as opposed to those in which the pH 
had been adjusted. The reduction in the test cultures during 
storage had no practical significance for the K. oxytoca 
Strains, but for E. co/i and K. pneumoniae the extent of 
reduction could be of practical significance for detection 
of these bacteria in meats. 

The daily recording of the pH values of the meat showed 
no appreciable difference from day to day. The pH fluctuated 
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VI. DISCUSSION AND CONCLUSIONS 

It was observed by Stiles and Ng (1981) that K. 
pneumoniae (sensu lato) was isolated as one of the dominant 
Enterobacteriaceae in meats at packing plants, but that it 
was less frequently found in meats at retail level. Based on 
this observation, it was suggested that K. pneumoniae (sensu 
Jato) might not survive well in meats, and if that is the 
case, there is the possibility that it might be used as a 
more meaningful indicator organism for sanitation of meats 
tham Einrco kh. 

This study was undertaken to examine the survival of K. 
pneumoniae and K. oxytoca in liquid bacteriological media 
and in ground beef, to determine possible reasons for their 
low recovery from retail meats. There were two possibilities 
for the decrease in K. pneumoniae: either that storage of 
meats at low temperatures results ina significant loss of 
viability, or that the failure to detect K. pneumoniae 
(sensu lato) results from phenotypic changes, brought about 
by the storage conditions, such as refrigeration, freezing 
and thawing, and prolonged storage at low temperatures. 

Several factors are known to affect the survival of 
bacterial cells during low temperature storage. These 
include the temperature at which the cells are held, the 
nature of the suspending medium and the length of storage. 
The first part of this study dealt with the survival of K. 
pneumoniae and K. oxytoca stored at various temperatures in 


broths of differing nutrient composition. Storage 
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temperatures that simulate conditions found in food handling 
were selected for use in the study. 

Storage at 10 and 4°C was selected to represent poor 
and acceptable refrigeration, respectively. Health 
departments recommend 4°C as the storage temperature for the 
display of meats and other foods. Frozen storage at -16+2°, 
and -40°C was selected to represent unstable and stable 
freezing temperatures for foods. 

Experiments with the test cultures in suspending media 
were done as a pilot study to determine whether survival of 
the cells or phenotypic change was most likely to account 
for the apparent disappearance of K. pneumoniae stored in 
meats. From this study it appeared that K. pneumoniae (sensu 
Jato) dies rapidly under certain conditions, especially at 
-16°C. There was some change in phenotype for the 
characteristics tested, including ability to produce gas 
from lactose and indole from tryptophan at elevated or 
maximum incubation temperatures. These changes occurred as a 
result of all treatments, for all of the test cultures. 
However, in contrast to the findings of Bueschkens (1982), 
most of the variants were temporary rather than permanent in 
nature. Variants generally recovered their original 
phenotype after three subcultures suggesting injury or 
temporary inhibition of the enzyme system rather than a 
genetic change. 

The effect of the storage treatments on survival of the 


test cultures was not uniform. Not only the specific test 
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Organism, but also suspending medium and temperature at 
which they were stored had a varying effect on survival of 
the cells. However, death as great as 4 log cycles (99.99 
percent) of cells as a result of some treatments indicated 
that death of K. pneumoniae was a significant possibility in 
the disappearance of these organisms during cold storage, 
especially during frozen storage at -16°C. 

The suspending media were all common bacteriological 
broths except 10%TSB, which had been used by Bueschkens 
(1982) to study the effect of cryoprotective agents. In this 
study, the four broths were selected because of their 
different ingredients. TSB is a general purpose growth 
medium for fastidious organisms and contains peptones and 
carbohydrates that should be cryoprotective (Ray & Speck, 
1973)..Ineecontrast, nutrient broth contains fewer 
ingredients and protective agents. Cooked Meat medium was 
incorporated in the experiment for its relationship to meat 
and the possibility that it might indicate a difference 
between the bacteriological media and meat. 

Marked differences between media were apparent, and 
these differences were influenced by temperature of storage. 
Cooked Meat medium supported the lowest survival of cells at 
1Onandy42C; but thejgreatest-suByival at.-168Ce.This was 
observed for all 4 test cultures (see Table 11). TSB 
generally supported the survival of the test organisms, and 
it was always better than 10%TSB. Suspending medium 


obviously had a marked effect on survival of these test 
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cultures during storage, even if the effect on survival of 
the different test organisms varied. 

Because of the similarities in the survival of the test 
cultures at 10 and 4°C, no further studies were done at 
10°C. However, the marked death of organisms stored at 
-16°C, warranted further study of viability during frozen 
Storage. As a result, the more stable freezing temperature 
of -40°C was also included in the ground beef experiment. In 
addition, another reference organism, K. oxytoca ATCC strain 
13182, was included because the meat strain of K. oxytoca 
was not significantly affected by the storage treatments. 

In the meat studies, the test cultures were inoculated 
intomground béefSat Ycounts*ofSi0m4to:10% cfu/gP "This "meant 
that there would be little or no interference from the 
residual Enterobacteriaceae, or E. colji and K. pneumoniae 
organisms. In contrast to the broth studies, survival was 
poor at 4°C and good at both freezer temperatures (-16 and 
-40°C). Again marked differences were observed between the 
test organisms. Each of the Kjebsie/la test cultures 
decreased in viability when stored in the suspending broths 
at 4°C and at a slightly faster rate than was observed for 
the E. coli reference strain. The death of the cells was 
generally 1 log cycle (90 percent) by the 7th day. of 
storage. Death of this number of cells could account for the 
recorded disappearance of K. pneumoniae between packing 
plant and retail levels of meat handling (Stiles & Ng, 


1981), and further supports the possibility of using K. 
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pneumoniaé aS an indicator organism for unsanitary handling 
of meats. 

Changes in ability of E. coli to produce indole from 
tryptophan and K. pneumoniae to produce gas from lactose at 
elevated and maximum incubation temperatures occurred at all 
storage temperatures. Indole negative variants regained 
their original biochemical characteristics after three 
subcultures, whereas some lactose variants were permanent 
changes. Although there were no permanent variants that were 
negative for the production of gas from lactose fermentation 
or indole from tryptophan at the elevated temperature of 
44.5°C, the detection of temporary variants is Significant 
in the food industry. It means that in a routine examination 
of food for faecal coliforms, using the faecal coliform test 
criteria, some of these organisms that have temporarily lost 


the ability to ferment lactose aerogenically at 44.5°C will 


D 


not be detected. As a result, a potentially hazardous food 
may be accepted. 

The fact that Klebsiella variants were detected that 
were negative for gas production from lactose at their 
maximum temperature could mean that these organisms were 
previously aerogenic at 44.5°C. Constant exposure to an 
extraenteral environment could have resulted in a gradual 
decrease in the maximum temperature at which they produce 
gas from lactose. This speculation has significance for the 
future acceptance of Klebsiella as a faecal indicator, but 


it indicates that both viability of the cells at 4°C and 
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phenotypic change could account for the disappearance of K. 
pneumoniae from meats. From the data in this study, however, 
it appears that loss of viability might be a more 
Significant factor than phenotypic changes. 

A meat system, such as fresh ground beef, is dynamic 
and the environment in the meat changes as a result of the 
growth of the indigenous meat microflora. Not only the 
number of psychrotrophic bacteria that grow during 
refrigeration (4°C) to 7 days, but also their metabolic 
products, could affect the survival of the test cultures. It 
therefore seemed appropriate to determine the effect of pH 
and microbial load of the ground beef on the survival of the 
test cultures at 4°C. As a result’ the final experiment was 
designed to determine the effect of pH, the meat environment 
and the meat microflora on Survival of the test cultures at 
EaCS 

The experiment was planned as a multifactorial, 
repeated measures design to determine the effect of test 
cultures, broth versus meat as the suspending medium, pH and 
microbial load of the meat over time of storage (days). The 
statistical analysis of the data was complicated by the fact 
that highly significant interaction. effects (P<0.05) 
occurred. This seemed to be largely contributed by the fact 
that different test organisms responded differently to the 
storage conditions. From the analyses on the data that were 
partitioned for broth and meat as the suspending media, for 


each of the test organisms, it was apparent that although 
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there was often a significant treatment effect, the 
differences in Survival between levels of pH were of no 
practical significance. The broth studies confirmed that the 
test organisms survived well in the broths at 4°C, and that 
changes in pH, equivalent to changes in pH that might be 
anticipated in meat systems, did not affect the survival of 
the organisms to any practical extent in the broths. 

In meats, the pH was adjusted with ammonium hydroxide, 
to Simulate the growth by-products of the aerobic meat 
microflora. The increased pH levels of pH 6.0 and 6.5, did 
not affect the survival of the test cultures any more than 
the natural meat pH of 5.5 to 5.6. However, there were 
variable effects attributed to the meats that were subjected 
to the 24 h vacuum packaged and aerobic treatments before 
inoculation with the test cultures. These effects appeared 
to be influenced by the strain of the test organisms rather 
than by the treatment per se. Although highly significant 
(P<0.05) effects were observed with the vacuum packaged and 
aerobic pretreatments, they had no practical influence on 
Survival of the test organisms. 

The conclusions that can be drawn from this study are 
that the test organisms survived well at refrigeration 
temperatures (10 and 4°C) when stored in liquid media, but 
they died at freezing temperatures (-16°C). In contrast, 
when transferred to a meat environment, they survived better 
at freezing temperatures (-16 and -40°C) than at 


refrigeration temperatures. 
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It has been argued that £. co/]i survives well in raw 
meats and therefore it is not a good indicator of unsanitary 
conditions (Goepfert, 1976). The death of E. coli at 
refrigeration temperatures, as seen in this study, suggests 
that, contrary to the arguments of Goepfert (1976), E. coli 
may Still be a valuable indicator organism in raw meats. The 
low survival of K. pneumoniae (sensu Jato) as compared to E. 
coli has important implications for the concurrent use of 
Klebsiella and E. coli as indicators of unsanitary handling 
and possibly faecal contamination in meats. The greater 
Survival of K. oxytoca at freezing temperatures than £. coli 
11775 or K. pneumoniae 13883 indicates that K. oxytoca could 
be more important than £. coli when used as indicators to 
determine the sanitary conditions of frozen meats. The 
Survival of indicator organisms in frozen meats is very 
important, since it has been reported that food pathogens, 
for example, Salmonella, survive well in these products 
(Georgala & Hurst, 1963). 

The presence of a lactic acid microflora is known to 
inhibit the growth of enteric microorganisms present in 
ground meat (Dubois et a/]., 1979). Vacuum packaging of meats 
allows the lactic acid bacteria to predominate while 
suppressing the growth of Gram negative organisms. (Foegeding 
et al., 1983). The object of the pretreatment of vacuum 
packaging the meat was to observe whether a lactic acid 
flora would influence survival of the test organisms during 


the early periods of subsequent aerobic storage. There was 
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in general, no marked difference between the survival of the 
Klebsiella cultures stored in the "vacuum packaged" meat and 
those stored in the "aerobic" meat. However, E. coli showed 
considerable loss of viability when stored in "vacuum 
packaged" meat compared to “aerobic” meat. 

After 24 h vacuum packaging, the pH range of 5.6 to 5.7 
was Still within the normal pH range of fresh meat. It was 
apparent from these observations, that an aerobic flora was 
Still present in the ground beef after 24 h storage under 
vacuum packaged conditions, probably because of absorbed 
oxygen in the meat. Apparently, a storage period of greater 
than 24 h is necessary for growth of a lactic acid flora. 
Collins-Thompson et a/. (1982) reported that a culture of 
bacteria stored in broth at 15°C under anaerobic conditions 
increased by almost 3 log cycles within 24 h. This suggests 
that, ground beef stored in a vacuum package at 10°C, 
assuming a low initial lacticiacid ilora (10° cells/gq), 
would have contained less than 10° cells/g after 24 h as a 
result of the lower storage temperature. Subsequent aerobic 
storage of the meat samples at 4°C supported the growth of 
an aerobic microflora, which may have suppressed any small 
effect of a beginning lactic acid Mora. As a result, the 
effect of ‘therlactic acid floragonmthe test cultures. may 
have been lost. 

This study indicated that the disappearance of K. 
pneumoniae and K. oxytoca in retail meats (Stiles & Ng, 


1981) is not primarily the result of phenotypic changes. 
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Neither is the death of the organisms in meats at low 


temperatures influenced by pH or the microbial load of the 


meats. Death of the cells 
only to the effect of low 
probably damages the cell 
Viability. Speculation is 
cell membrane, disrupting 


leakage of solutes, toxic 


in this study, can be attributed 
SstoLageerempernaturest Temperature 
in some way, interfering with 
that damage is at the site of the 
permeability and allowing the 


Substances and cell constituents 


into andmoutio&tithe celb (Calcott;- 1978; -RayC&rSpeck; 11973). 


Death of K. pneumoniae (sensu Jato) in meats has important 


implications for the use of these organisms as indicators of 


unsanitary handling in meats. 
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